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WAR DEPARTMENT
UNITED STATES ENGINEER OFFICE
PROVIDENCE, RHODE ISLAND

October 2G, 1939

Subject: Report on Survey for Flecd Control on the Pawbuxet River, Rhode
Island.

Tos The Chief of Engineers, U. S. Army, Washington, D. C.
(Through the Division Engineer)

SYLLABUS

The Distriet Engineer finds that the Pawtuxet River and its
tributaries are subject perilodically to destructive floods, and that
flood conbrol measures at certain localities are economically justified.
He recommends the adoption of a flood control plan consisting of a chan-
nel in the vicinity of Pontiac to divert flood vaters from the lower
reaches of the river where the greatest demages occur, and local pro-
tective works at Clyde on the North Branch; all substantially as shown
on the accompanying maps and drawings, and at an estimated total cost of
$1,689,000, provided that local interests hold and save the United States
free from damages due to the construction works; maintain snd operate all
the completed works; provide the necessary lands, easements, and rights-
of-way for the Clyde Levee at an estimated cost of $22,000; and make a
contribution of 25 percent of the total capital cost of the Pentiac Di-
version Chamnel, not to exceed $3,7,500, including the cost of lands,
easements, and rights~of-way, or, in lieu thereof, provide lands, ease-
ments, and rights-of-way, at an estimated cost of $79,000, concurrently
construct three bridges across the diversion channel, at an estimated
cost of $229,000, and make a cash contribubion not to exceed $3%9,500.

The total estimated cost to the United States is $1,319,500. He also
finds that there is nc economie justification for improvement for navige-
tion, power,. or pollution control.

T. GENERAL
1. AUTHORITY. - The Flood Control Act spproved Jume 22, 1936 (Pub-

lic No. 738, Thth Congress), states:

"Sec. &+ The Secretary of War is hereby authorized

and directed to casuse preliminary examinations and

surveys for flood control at the following-named

localities . . "
and is amended by Section 5 of the Flood Control Act approved August 28,
1937 (Public No. 406, 75th Congress), to read:

"Sec. 5. That Section 6 of the Act 3= . . approved

June 22, 1936, is hereby amended by adding to the list

of localities at which preliminary examinations and

surveys are authorized to be made, the following names:

Pawtuxet River, Rhode Island,"



The preliminarylreport was submitted on February 15, 1938, Upon recom-
mendation of the Board of Engineers for Rivers and Harbors, a survey of
the lower valley, as recommended in the preliminary report, wes author-
ized by the Chief of Engincers by lotter dated June 11, 1938, On Novem-
ber 15, 1938, the Disbriet Engineer requested authorization for an ex-
tension of the flood controel survey to cover the entire Pawbuxct River.
The extension was sapproved by indorsement of the Chief of Engineers dested
December 2, 1933.

2. SCOPE OF THE INVESTIGATION, - This report comprises an investi-

gation and survey of the entire watershed of the Pawbuxel River and its
tribubtaries with a view to providing flood control. It proposes a flood
. eontrol plan consisting of a levee around a locality on the North Branch
of the Pawbuxet River and = diversion channel that provides complebe pro-
tection against floods on the lower reaches of the main river. All
methods of protection thet were studied are stated snd the resulting
bénafits shovm. Date on hydrology and metcorology, geology, flood losses,
and pollution, and the conclusions drawm {rom Tthem, together with de-
seriptions, estimates, and the sconomles of the proposed plans, are in-
cluded in the report. Pertinent data, descrivtions, and estimabtes in
greober detoil are given in the Appendis.

3.  PRIOR REPORTS. - A preliminary report was submitted on Febru-

ary 15, 19%8. It discussed the Pawbuxet River Basin with respect to
flood control. It was based on information contained in reports by
state and municipal agencies supplemented by addibional data secured
by this office. In this report, the District Enginecr found <that the
Pawbuxet River Velley is periodically subject to floods, with damages
ocourring principally in its lower reuches, and recommended that a sur-

vay of the lower wvalley be mede to detorminec the cconomic advisability



of flood protection by means of levees and chammel improvements., Sub-
sequént to the floods of July and September 1978, he recommended exten-
sion of the survey to cover the emtire Pawbuxet River (see Paragraph 1).

i,  REPORTS OF OTHER AGENCIES. -~ "The Waber Resources of Rhode

Island,” printed in January 1928, is the report of a state commission
appointed solely to make this investigation of the sources of water
supply in Rhode Islend, and includes date on the Pawbuxet River. The
State Planning Board of Rhode [sland in their Special Report No. @,
dated September 9, 19%6, and entitled "Rhode Islend Water Resources,”
also describes and gives data for this stream. In comnection with water
supply, the City of Providence has made extensive investigations of the
North Branch of the Pawtuxet River and has gathered vafious hydrologic
data. The results of these investigations and these data were used in
the preparation of this roport.

5. EXISTING PROJECTS. - There is no existing Federal flood control

project within the Pawbuxet River Basin.
6.  MAPS. -

2. The Pawbuxet River walbershed is included in the guadrangle
maps of the U. S. Geological Survey. These maps were used in compiling
Plate 1.

b. DMaps to a scale of 1;1200, having a vertical interwval
of ten feet, and covering the thres mile reach of the river extending
from its mouth to Elmwood Avenue, Cranston, Rhode Island, arc also avail-
able, These maps were preparcd as a Works Progress Administration (now
Work Projects Administration) projoet under the sponsorship of the Depart-

ment of Public Works of the Stetc of Rhode Islsnd, Burcau of Harbors and

Rivers, and were used inm the preparation of this report.
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a. Three small areas were mapped by this office, One extends
for 1,200 feet upstream from Eimwood Avenue, Cranston, the second extends
along the North Branch of the Pawbuxet River for 3,000 feet at Clyde,
Ehode Island, and the third is a strip approximately 1,000 fect wide
extending from Pontiac to Apponaug. The first two are plotted to a
scale of 1:1200 and have a vertical interval of two feet. The third
is plotted to a scale of 1:4800 end has a vertical intervol of ton feet.
d. At the request of the Providence office, the U. S. Army
Alr Corps in 1939 nhotographed o large portion of the Pawtuxet Watershed
from the air. These pictures are at an approximate scale of 1:12000 and
have been of value for reference in the preparation of this report.
II. DESCRIPTION OF PAWTUXET BASIN

T GENERAL., -~ The Pawbuxet River is.looated‘in the central part
of Rhode Island. It has two prineipal tribubtaries, the North and South-
wast Branches. Both the main stream snd the two mein branches are highly
developed by mill water power installations and conservation storage.
The most important of these is the Scituate Reservoir, on the North Branch,
which forms the source of water supply for the City of Providence,

8.  LOCATION AND SIZE, - The Pawtuxet River Wetershed lies entirely

within the boundaries of Rhode Island and covers an area of 230.l. square
miles., The basin is triangular in shape, with the stream originating
along one base near the Rhode Island-Connecticut boundary and having its
mouth at the apex at Pawbuxet on Narragansett Bay. The mozximun width of
the basin in o northerly-southerly direction is 23 miles and the lengbth
westerly from Paﬁtuxet is 18 miles.

9.,  TOPOGRAPHY. ~ The wetershed is hilly with numerous swamps, a
few natural lekes, and many poﬁds‘and reservoirs, The bagin traversed

by the lower four miles of the main stream has an average elevation of

-l -



Lo feet above mean sea level., West of this area the terrain rises sharply
for approximately 200 feet. The ascent then becomes more gradual, con-
tinuing to elevations ranging betwaen 500 and 800 feet above mean sea
level abt the western divide, Durfee Hill, the highest point in Rhode
Islend, is on the northwestern divide, The average elovatiom of the en-
tire basin does not exceed %00 feet, and increases from south té north.
Much of the drainage area is woodod. The Rhode Island Department of
Agriculture and Conservation revorts that 3%.8 square miles or 16.3%
percent . of the Total basin was denuded by fire or by logging operations
during the period 1921 - 1936, The topography of the entire drainage

area 1s shown on U. S. Geological Survey maps drawn to a scéle of 1:62,500
and having a 20-foot conbour intervel., Plates 1 snd 2 are a map and
profiles of the river and its principal tributaries.

10. DESCRIPTION OF MAIN STREAM. - The Pawtuxet River is formed by

the junction of the North and Southwest Branches at Riverpoint, Thence
it flows between low banks over a bed of sand end silt, northeasterly
for 10.6 miles to its mouth at Pawbuxet Cove. Its average width is 100
feet; its average depth is 4 feet; and its average slope is L. feot por
mile, corresponding to a total fall of fifty feet from Riverpoint to the
mouth.

11. DESCRIPTION OF TRIBUTARIES. ~ The two principal tributaries of

the Pawtuxet River are the North Branch and the Southwest Branch.

&. The North Branch of the Pawbuxet River originates at
Scituate Reserveir, which ls fed principally by the Moswansicut snd Pona-
gengset Rivers, Prior to the construction of Kent Dam which forms Scituste
Reservoir, the North Branch wes formed by the confluence of these two
streams within the presont Scituatc Regervoir area. It flows southwestorly

for 5-1/2 milos from Kent Dam to Eiverpoint, vhere it joins the Southvrc st



Branch to form the Pawbuxet River. Its average slope from the tailwakber
of Kent Dam is 27 feet per mile, with o total fall of 14,9 feet. Three-
quarters of this fall is developed head, resuliing in.a conbinuous suc-
cession of dams and pools.

b.  The Southwest Branch is siwmilarly formed by the junction
of the Flet and Big Rivers in the Flat River Reservoir area, and origi-~
nates at Flat River Reservoir Dam, Thence it flows edst and north for
7+8 miles to Riverpoint. Its average slopc below the tallwater of Flat
Rivor Rescrvoir Dem is 23,6 fect per milc, with a total fall of 184 foot,
Nine~tenths of this head is commercially developed, resulting in 2 con-
tinuous succession of dams and pools.

¢.  Pertinent data on the Pawbuxet River and its principal

tributaries are given in Table I.

TABLE I
Miles Miles Total
Above Above Drainage Length
Neme of Stream Pavbuxet River- Area Miles
Cove point Sguare Miles
Pawbuxet River 0,0 - 230.1 10.6
Pocasset River 3.5 - 26,2 10,4
Meshanticut Brook 8.6 - 15.5 7.4
North Branch 10.6 0.0 106.0 7.5
Kent Dam (Scituate 16,1 5.5 92,8
Reservoir)
Ponaganset River 18.1 1.5 5%.% 10,0
Moswansicut River 18,1 TeH 32,8 12.0
Southwest Branch 10.6 0.0 75.2 8.5
Flat River Reservoir 18.& Te8 56,7
‘Big River 19.1 3.5 3242 8.8
Plet River 15.1 8.5 22,7 Teb




12, GEOLOCY. - The basin lies almost entirely in that part of Rhode
Islend known as the "western uplands," which constitutes about two-thirds
of the state. The 1owef end of the basin lying in the eastern third of
the state is é lowlend arse adjacent to Narrasgansett Bay. These physio-
graphic divisions are caused by differences in the character of under-
lying rock formations. The prominent upland areas in the western part
of the basin are formed of resistant crystalline rocks including granite,
gneiss, and schist. The lowland areas are formed in weaker sedimentary
.strata. Glacial deposits occur throughout the entire basin, varying from
shallow thickmess in the higher clevations to considerably greater thicl-
nesses in vhe valleys and lowor elevations., I the uplend areas these
gloecial dopeosits arc essentiolly undssorted, being composcd of mixtures
of sand, silt, gravel, and boulders. In tho lowland arcas the deposits,
hawving been laid dowﬁ by glaciaol stream setion, are well assortcd and
beddod, and Tform oxfcnsivo trocts undorlain by coarsc glaciol outwash
depositg. Other tracts arc undorlain largely by sand which forms ox-
tensive sand plain formstions.

13. POPULATION, - Based upon the state census of 19%6, the popula-
tion of the Pawtuxet Watershed is estimated at 100,000, About 17 per-
cent of this population is concentrated in and near West Warwick and about
60 percent nesr the mouth of the river in Cranston and an adjoining sec-
tion of Providence. The population per squarc mile for the State of
Rhode Island is ahout 550 and for the drainage basin of the Pewbuxet
River is about 1h20. The high sverage population per square mile of
drainage area is principally due to the two comparatively small areas
where the populetion is dense., TFor the western half of the drainage basin
the average population per square mile does not exceed 50.

1L, INDUSTRIES. - The upper watorshed of the North Branch is largely

T -



controlled by the City of Providence for water supply, The waters of
the upper Southwest Branch are conserved for industrial use in a number
of reservoirs owned by the Quidnick Reservoir Company. These two
branches join at mile 10.6 and are both highly developed for industrial
purposes in their lower reaches. The mills occupying the valley are
mostly devoted to the manufacture of textile products. The industrial
gbatistics in Table II are taken from the latest available information,
principally the Federal Gensus of 1930, The principal menufacturing
plants in the watershed are located in or near West Warwick and Cranston.,
TABLE II

MANUFACTURING ESTABLISHMENTS

sHumber ofsNumber @ " iCost of raw : TValue of
. estab- ¢ of : Wages* : materials, : finished
- .ilishmentsiworkers#: t power, eho. ! £00ds

State of Rhode: 1,701 1 126,068:8$1LL,196,93: $3L2,290,071: 666,368,210
Island : 3 : : :

Pawtuxet : 70 9,600t 10,600,000: 25,900,000t L8,300,000
Watershed s : : : :

Percent of s el ¢+ 7.6 7.% : 7.5 t T2
state total : t : : H

*Does not include salariled employoces.

15. éﬁFICULTURE. = Much of the lower 10 miles of the Pawbuxet Valley
is marshy end subject to overflow. Some of the land is used for pasturage;
the drier porﬁions are eultivated. Table III contains agricultural sta-
tistics compiled from data confasined in the Federal Census of 1950:

TABLE ITX

: : : :Total value
Popula~i Area ing Value of : Value of : of crops,
tion : farms : crops ¢ dairy : livestock,
: {acres): : products : and dairy
: : : products

LT T ¥ SRy

For State of Rhode :+ 687,197:279,3611 $1,L75, 787: $6,183,126: § 9,910,534
Island ] : : S :
For Pawtuxet Watershed:100,000: 1,8,900: 231,000: 1,205,000: 1,900,000

-
13

Percent of state tobtaly 1.5 : 17.5: 15,6 @ 19.5 19,2




16, TRANSPORTATION PACILITIES, - Highways and railways provide

all sections of the drainage area with sdequate means of freight and
passenger transportation, An extensive system of modern hard-surfaced
highways covers practically all portions of the Pawbuxet Basin. The
New York, New Haven and Hartford Railroad occupies the main valley of
the Pawbuxot River and also operates a line along the North Branch as
far as Hopee. Another line of the same railroad closely follows the
Southwest Branch throughout its length and connects Providence, Rhode
Island, and Hartford, Connecticut, via Willimentic, Comnecticut. The
main shore-line roube of this railroad between Boston and New York
passes through the lower end of the wabtershed, The locstions of these
railroad lines are shown on Plate 1.

17, INDUSTRIAL DEVELOPMENT OF WATER RESQURCES. -

8.  Industriasl power. - Certain reaches of the Pawtuxet River

and its principal tributﬁries have been highly developed either for
water supply or for power. North Branch falls 14,7 feet in its lower
four miles and Southwest Branch falls 182 feet in its lower six miles.
These two reaches are characberized by rapids and falls with ledge oub-
erops furnishing excellent foundetions for dams. During colonial times
many grist and saw mills were built, These were eventually supplanted
by textile mills which, for the most part, now utilize the stroam.
While the water power available at the various dem sites is considerable,
end uscd to some cxtent, the most important use of the water at the
present time is for the washing and processing required in the manu~
facture of wool and cotton textile fabrics. The additional power re~
quired by the mills is furnished by steem plants, or electrical energy
purchased from local power compenies. The sborage cgpacity et the power
dems is of very minor importance. The mills utilize storage reservoirs

on the upper reaches, Table IV gives pertinent data on power privilegos:

™

-0 -~



TABLE IV

POWER DEVELOPMENTS

Rated capacity

*No, Location River Name of Qumer of water wheels
_ (horsepower )
L, Pontiac, R. I. Pawtuxet B.B. & R. Knight Corp. 175
5 MNatick, R. I. i Relph L. Loomis 1,270
17 Clyde, R. I. Horth Branch Riverpoint Lace Works 109
19 Phenix, R. I. " " Lonséale Co. L03
20 Harris, R. I. " " Interlaken Mills 291
21 Inbtsrlaken, R. I. i n Interloken Mills 22%
23 Hope, R. I. " " Falvey Laundry Co, 156
2, Hope, R, I. " it Lonscdale Co. 506
25 Kent Dam, R, I. " n City of Providence 2,200
& Riverpoint, R. I. Southwest Branch Bredford Soap Works 125
7 Riverpoint, R. I, " R Saybrooke Mfg. Co., Inc. 676
8 Arctie, R, I. i B Westover Fabries, Inc, 1,117
9 (Centerville, R. I. " " Centerville Realty Co. 736
10 Crompton, R. I. " " Crompbon Co. _ AE0
11 Crompton, R. I. n " Crompton Co. ) 518
12 Quidnick, R. I. " " King Richerd Mills, Inc. h56
13 Quidnick, R. I. " " Quidnick Dye Mills, Tnc. 600
1y  Anthony, R. I. _ " i Berkshire Fine Spinning
Assn, 850
Total 11,071

*Numbers refer to the locetions of dams as shovm on Plates 1 and 2,

be Conservation, - In about 18L64, certain mill owners and

other interested parties, situated om the lower reachesg of the Southwest
Branch and on the main river, formed the Quidnick Reservoir Company.

Its purpose vras to consbruct storage rescrvoirs to maintain a more con-
stant flow of water for the mills of the company members. The first
reservoir, Quidnick, was cons%ructed about 18,6, followed by Tiogue
Reservoir about 1858 and Flabt River Reservoir about 1870. This system
of reservoirs has besen, and still is, of the greatest importance to the
meny mills below. The continued existence and economical operation of
these mills is dependent to a large extent on an adeguate and dependable

supply of water., The Quidnick Reservolr Company has bsen very succoessiul

- 10 -



in meeting the needs of the wabter users. The original storage reservoirs
on the North Branch have largely lost their function because of the wabter
supply development at Seituate Reservoir dovmstream. Table V gives perti-
nent data on storage reservolirs:

TABLE V

STORAGE RESERVOIRS

: :Drain., grea: : Storage
: : ¢ 8g. miles :Pond : capaciby
Reservoir River :Grosss Net :ares : Acre :lNnches:inches per
3 : 3 sacres: fest :on net: foot sur-
: : : 3 : area : charge

Ponagenset*sNorth Branch and: 2,1 2.1: 245: [,600: 1.2 ¢ 2.0

t Tributaries t : : : s s
Moswansicut: do ¢ 3.9 3.9 282: 2,194 10.5 : 1.3
Comean : do 2,6 2,6 2% 38L: 2.8: 0,2
Regulating : do : 22.3: 15.8: 242 1,292: 1.5 ¢ 0.3
Barden : do : 33,0: 33,0: 2L0: 2,618: 1.5 0.1
Westconnaug: do s 4.0 .0y 17 1,390: 6.5 : 0.8
Seituste & do 1 92.8: 33,5:3,600: 77,185: L3.2 :+ 2.0
Quidnick  :Southwest Bramch: 2.1: 2.1: 180: 1,61k 1h.5: 1.6

sand Tributaries : : H s ¢
Coventry do t 5.8: 3.7: 300: 1,200: 6.1 : 1.5
Carr Pond do : 0.6 0,6; 100: Z00: 9.3 3 %.1
Flat River : do t 56.7s 50.3: 97h: 6,100: 2.3 5 O
Tiogue : do : 2,5: 2,5; 267: 1,500 1l.2 s 2,0
Total : 3 1150, 1+ 100,377 :

*(Obsolete dem. Gates removed, acting as a rebarding basin.

18. WATER SUPPLY. - In 1870 the City of Providence established its

first public water supply systems A pumping station was built at this
time on the lower Pawtuxet at Pettaconsett. This site was abandoned in
1926 upon the completion of Seituate Reservoir on the North Branch of

the Pawbuxet River. In comnection with this old pumping station, a dem
was built at an 0ld mill dem site near Broad Street at Pawbuxet in order
to prevent salinity intrusion and to compensate for lowering of the water
level by the pumping station. The 1915 Water Act of Rhode Island which
authorized the development of Scituate Reserveir also roquired the city

to robuild aend maintain this dam. Other wober systems within the drainage
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area include the Pawbuxet Valley Water Company and the Warwick and Coven-
try Water Company. The Pawbuxet Valley Water Company serves the villages
in the valley of the North Branch of the Pawbuxet River. The company has
two small impounding reservoirs on a tributary brook at Fiskeville. The
Warwick and Coventry Water Compeny serves the villages on the Southwest
Brench of the Pawtuxet River, the water supply being taken from Carr
Pond located in the southeasterly part of the watershed. These two water
companies are now owned and operated by the New England Water, Light,

and Power Assoclation., Over half of the population of Rhode Island re=~
celves its domestic wabter supply from the Pawbuxet Basin, and for this
reason it is the most important river system in the state although it is
third in order of size. The basin has been highly developed for water
power and for industrial water supply, but its ubilization for domestic
water supply is of the greater importance.

19. RECREATION. -~ The Ilkiume Canoe Club and a canoce livery at
Pawbtuxet utilize the pool fermed by the Broad Street dam for canceing.
Fishing is limited by industrisal development to the headwaters of streams
and. ponds. There are a few private cottages located on these ponds. In
Cranston, the P&wtuxet_River Reservation has a park, playground, and
beseball diamonds on the Flood plain of the river.

| 20. WILD LIFE, - There i1s little wild 1life on the Pawtuxet. A few
deer are found in the less populated areas and are protected by a year-
round closed season., Birds are not plentiful, and hunting is limited bo
small game,
III. EYDROLOGY AND METECROLOGY

21, EQIE@EE} - The elimete of the volley is tempefate. The summers

are not marked by oxcessive heat ond the winters are generally mild. BEx-

treme hot spells in summer and cold periods in winber arc usually of shord
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duration. The eastern end of the watershed, owing to the tempering in-
fluence of nearby Narraganset: B&y, hag somevhat milder winters than the
higher western part. The continuous record of temperatires at Providence,
Rhode Island, is available from 190k to dste. During this period the
absolute meximum recorded temperature was 100 degroes and the absolute
ninimum recorded temperaturc was 17 degrecs below zero. The mean snunusl
tomperature is 51.8 dogrees.

22+ PRECIPITATION. ~ The average amnual precipitation on this water-

shed is about 1j5 inches, including the water equivalent of the snowfall,
Extremes of low and high ammuel precipitation, according to the recofds
of the Providence City Engineer, occurrcd in 1846 with a low of 30.51

inches and in 1896 with 2 high of 63,50 inches. Tables VI end VIT list

the meen amnnual and monthly precipitation for btypical stations:

TABLE VI
Station Locakion Period of record Mean annusl (Inches)

A Providence, R. I. 1832 - 1930 L5.0L

B Providence, R, I. 1905 ~ 1938 3823

C Kingston, R. I. 1889 ~ 1938 50,38

D Flat River Reservoir 1930 - 1936 Lé. L8

Coventry, R. I.

E Seituate Reservoir 1916 - 1925 4T7.96

TABLE VII

MEAN MONTHLY PRECIPITATION IN INCHES

Station ;Jan,;Feb.;Mar,;Apr.;be ;June;July;Aug.;SeptéOctu;Nov.;Dec.

A ‘14,10 3,83 .09 3,827 3,621 3,261 5.408° 11,077 3311 3,577 3,900 3.99
B . 3059,2.90.3.27 3,33 2,87 3,13 3,27 3.15. 3.36]2,80,2.90 3,36
c 10e86 12871, 70 11,607 30907 2,197 5,36 1127 3495 1e06. 123 11 70

Station A, - City Engineer's record observed from 1832
To 1878, inclusive, on College Hill, Prévidence, Rhode
Island, and compiled umder the directiom of the late
President Alexis Caswell of Brown University. JFrom
1876 to 1930, observetions were mede at Hope Reservoir
in Providence, and compiled under the direction of the
City Engineer.
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Stetlon B, -~ Records of U. 8. Weather Bureau, Provi-

dence, Rhode Iszsland. :

Station €, ~ Rhode Island State College, U. S. Weather
Bureau Stbstation, Kingston, Rhode Island.

Station D, ~ Private gage owned and maintained by
Quidnick Reservoir Company. Gage located at Flat
River Reservoir Dam.

Station E. - Records of City of Providence. Geages
in Scituate Township,

25. SNOWFALL. - The average amnusl smowfall for the State of Rhode
Island varies greatly with location, as there is a steady increase from
the coast to the interior. On the Pawbtuxet Watershed the variation is
not so great, the average amnuel snowfall being 35 to LC inches, with
& water equivalent of about l inches.

2lte  CHARACTERISTICS OF STORMS. - Two general types of storms occur

in New England, continéntal storms and tropical hur?icanes. The con~
tinental sterms originate over the United States and southwesterm Canada,
and move in a general easterly and northeasterly direction. The storms
occur in every season of the yeare. The tropical hurricanes originate
over the Atlantic Ocean, including the Caribbean Sea and the Gulf of
Mexico, and generally move in a;westerly or northwesterly direction, re-
curving to the north or northesst as they approach the Wow England coast.
This type of storm can be expected in any month from May to December, but
by far the greester number occur in August, Scptember, and October. They
seldom reach Now Englend with destruwetive force, but when they do, eox-
cessivo precipitetion occurs,

25. RUN-QFF. - In comnection with studies ineident to the comstruc-
tion of Scituate Reservoir for the Providence water supply, & stream gaging
gtation was established in Januery 1916 at Fiskeville on the North Branch,
with a drainage area of 101.8 sguare miles. The records for Fiskeville

have been published by the U. S. Geological Survey for the period from
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1616 to 1925, The subseguent records have not been published, but are
available in the iles of the Providence Waber Works. Only one other
station has been cstablished in the watershed. That station was at Harris,
not far from the presont sbation at Fiskeville. It wos in operation from
Avgust 1909 to June 1911, only., The records have been withheld owing to
insufficient rating, and are of mno proctical valuc., Table VIII shows the

results of operation of the Fiskevillo station from 1916 to 1925:

TABLE VIXII
Dischargoe ¥oon volues Percent
Period of (sccond-fect) for period of rumn-
yoars Mox. ifin, Reinfall  Run~off off to
(inches)  (imches) rainfall

1916-1925 2,762 l.2 L7712 27,18 56,96

26. INFLUEHCE OF TOPOGRAPHY ON RUN-OFF. - The Pawtuxet basin is

triangular in shape, and its multi-stream pattern is conducive to syn-
chrenism of trihubtary flood crests from the vorious branches. The
moderate heiphts of the hills and the moderate slopes of the streems in
the headwaters tend to delay the rate of accumulation of flood waters.
The intensity of peak discharge is further modified by the natural valley
storage in the wide, filat valleys end meny swamps in all parts of the
watershed. The strcam slopes in the oexbroeme lower valley are flat, pro-
ducing low velocitics and consequontly high flood sbages.

27. INFLUENCE OF DEVELOPMENTS ON RUN-OF¥., - The developments that

affect floods consist of storage reservoirs, run~cf-river plants, and
bridges with restricted water channels,

a. Storage reservoirs. = As shovn in Table V, existing reser-

volrs have a storage capacity of over 100,000 acre~feet on & tobal draln-
age area of 15l square miles, or 65 percent of the drainage arca of the

watershed., While neither designed nor oporated for flood control, these
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reservoirs have modified high flood sbtages on the lower reaches of the
Pawtuxet River. The last column in Table V shows for each reservoir the
storage in terms of inches of depth on its mnet drainage aree per foot of
surcharge or head on its spillway. This figure serves as an index of the
flood control storage tﬁat is obtained when the regervoirs are full at
the begimming of aﬁy flood. For the largest roservoir, Seituate, which
was completed in.1926, it can be seen that a surcharge of 3 feet will
provide a storagé volume of 6 inches, which would result in a high degree
of control of its net drainﬁge ares. A lesser degree of control is ob-
tained at the second largest reservoir, Float River, with a similar sur-
charge., The operating records for these two reservoirs show that a con-
‘siderable vortion of the run~off during past floods was stored below
thelr spiliway crests, nobebly as shown in Teble IX:

TABLE IX

PERCENT OF FLOOD RUN-OFF RETAINED IN PAST FLOODS

SCITUATE RESERVOIR T FLAT RIVER RESERVOIR
Drainage arsa= 92.8 sgusre miles:Drainage area = 56,7 square miles
: Storage below ¢+ Surcharge g o Storage belowt Surchorge %«E

.

ol [o]
Date ¢ crost i___storage =pg: crest i storage o
. : : : &3 : : E‘@'ﬁ‘ : S : 3 a:@,z
Of H Acre H g -"g‘ ?: Acrez g . Hé?:t; %:ACI'O= % :'%:': ?’Acre’ @ 3% (i'):s; o
s E % 10 g: : ,g;:ggzomaz g 8 E: : _g : 3 g:mc.s
flood * fect ' & i§ &t feott H "3"‘31@' Lifect! & 1§ Mifect: '_% 15 R L
T8 TEAE AL
Feb. 1886- Beforc construotion : TMQO 0. hB 10 h570 1. 51 30: LO
Nov.1927 18 AOO 72 100- 0: O O lOO 5190 1. 06: 30s 810 Os 27 Te 37
Mar.l9;6:l§,870-,.21‘ 60-727o~1 b? 28 88 0: o: 0 2510 0. 76 s 1

July1938: _o; Os o 6h5o 1. 50 57 37 395 0. 11- 5 1500 0. bs 19; 2l

b Run~of-river plants. - The run-ofw-river plants on the tribu-

taries and main stem have a negligible effect on flood discharges., They
have occupied part of the flood plain naturslly devobed to valley storage

and in return have provided surcharge storage in backwater above them.
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Flood heights are increased locally at each dam, As previously mentioned,
a low dem on the Pawbuxet River LOO feet above its moubh at Pawtuxet Cove
was constructed to prevent salinity intrusion and to compensate for
lowering of the water level by the Pettaconsett pumping station once
operated for waber supply for the City of Providence. The pumping sta-
tion was agandoned in 1926. This dam increases moderatc flood heights
one or two foet, the effect disappearing at the old dam of the Pettacon-
sott pumving stobion.

c. Bridgos and buildings. - For severe floods, the Broad

Street bridge just below the Pawbuxet Dam becomes the econtrol affecting
the lower three miles of tho river, increasing natural flood heights an
edditional amount. Other bridges and buildings have localized effects
onlye.

28, INFLUBHCE OF TIDE ON RUN-OFF. - It is possible for high tides,

angmented by hurricamne winds, %o produce stages at the mouth of the Paw-
tuxet River high enough to overflow the dam above Broad Street (see Para-
graph 27 E) and to cause flood losses upstream, The crest of the Pawtuxet
.Dam is 5.2 feet sbove mean ses level. The tidel wave of September 1938
reached an elocvabion of 15.l. feet above mean sca level, snd raised river
stages uvpstream as far as Pontiac. However, the Pawbuxet River was not
in flood at the time the tidal wave ocowrred, and véry 1ittlec demage re-
sulted, Chamel capacities were not cxceedod above Elrmwood Avenue.
Below Blmwood Avenue, the cellars of an unoccupicd factory, two dance
halls, & fow homcs, and obout fifty acres of foarm lend werce flooded.

IV. FLOOD DATA

29. HISTORICAL STORMS AND FLOODS. -~ Great storms in Rhode Island

of historical record and the disastrous floods resulting from them ere

as follows:
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B Jenvery 21, 1801. ~ This was a local floed which destroyed

37 buildings in the City of Providence. Strictly speaking, this was not
a flood but rather was the effect of high winds coming from the south,
which bréught the waters of Narragansett Bay into the streets of Provi-
dence. The loss was estimated at $300,000.

b.  September 22-23%, 1815, - This storm was similar to the

s

storm of_lBOl except that it was much more severe. The tide at Providence
rose to almost 12 feeb above normal high water, 7 feet higher than any
previous record. It is reported that vessels were driven from their moor-
ings, and meny wharves, stores, houses, and barns were destroyed. No
record of damages resulting from heavy precipitation or run-off could

be found. |

¢+  October 3-h, 1869, - This storm centered in central Massa-

chusetts and Commecticut and caused = moderate flood 'in the Pawtuxet
Watershed. In addition to the usuwal flooding of the lowlands, a bridge
in Coventry was destroyed and railroad traffic was interrupted for a
short time.

d. March 28, 1877, - According to the Providence Daily Journal

——

. of Merch 29, 1877, this storm caused no great loss in the Pawtuxet Basin.
The paper states thet the river banks were full and that the lowlands
were flooded. WMills were reported as being troubled with backwater.

&+ Pebruary 1i-ll;, 1886, - This storm centered in southern

New England, Most of the precipitation occurred during s Li8-hour period.
From 7 to 8 inches of rainfall, increased by nelting snow estimeted to
be equivalent to 2 inches of rainfall, produced the most severe flood
ever recorded on the Pawbuxet River. The flood stage resulting from
this storm was about 7 feet higher than the 19%6 flood in the lower Pavr-

%

tuxet Valley.
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Eo Fovember 2~l,, 1927, ~ A storm rainfall of from 2 to 7-1/2

inches was reported for the Pawbuxst drainage area. As conditions were
favorable for a fairly rapid run-off, a freshet was produced thet caused
minor damages.

g.  September 16-17, 1932. - The average rainfall as deter=-

mined by the City of Providence for the 92,8 square miles drainage area
above Scitueste Reservoir based upon the records of five stations, was
10.24 inches. The cember of this storm was near the western half of the
Pawtuxet Basin. The maximum recorded rainfell within the watoershed was
11,89 inches. 150 square miles of the watershed received an average of
10.0 inches of rainfall with the remainder of the watershed, 82 square
miles, recciving between 8 and ¢ inches of rainfall. This precipitation
occcurred within a veriod of 20 hours and was the hesviest recorded for
any one storm during the past 103 years, The storm occurred after an ex-
tended dry period, and reserveoir levels were very low. Run-off conditions
were therefore unfavorable for a rapid run-off and extensive storage ca-
pacity was also available. Consequently no unusuael high river stages were
experienced. Only onc small item of flood loss could be found.

E, November 11, 1932, - This storm occurred at a time when

conditions were favorable for a rapid run-off. Ponds and reservoirs had
small storage capacibty aveilsble, Rainfall ranging from 1 to 5 inches
for the watershed caused a minor flood in the lower reaches of the Paw-
tuxet River. Lowlands were flooded and minor losses occurred including
the flooding of cellars in several homes,

i, March 9-21, 1936, - The New England floods resulting from

this storm were caused by a combinetion of heavy rainfall, deep snow cover,
and unusually high temperature for the ssason, The Pawbuxet Webtershed

lies east of the path of this storm. Rainfall for the watershed for the

-19 -



period Merch 9-12 is estimated at 3,38 inches, and for the period March
18-22 at 3,06 inches. The water equivalent of the snow cover, which was
depleted from the drainage area during the centire storm period, is esti-
mated at 1 inch, The estimated run-off was 70 to 80 percent of the rain-
falls The peak discharge of the flood was reduced by reservoirs and sur-
charge storage in Scituate and Flat River Reservoir (sce Table IX).

s July 18-2L, 1638, - This storm was a coagtal storm cen-

tered over southern New England and diminishing in intensity as it passed
inlands An average of 7 inches of rain fell over the fawtuxet Watershed.
The run-off varied from 35 to 50 percent and resuited in a fleod of ap-
proximately the somc mzgnitude as that of March 1936, While very little
of' the flood was stored in Plat River and Seituate Beservoirs, the flood
peaks were modificd in passing through the surcharge storage of these
reservoiré.(see Table IX)e

X, September 17-22, 19%8, - This storm was contered sixty

miles To the west of the Pawbtuxet Watershed. It was caused by o pro-
longed low pressurc oarca over western Now Engleond, with werm moist air
entering from the south., The same low pressure area caused the disas-
trous hurricane of September 2lst to veer inland across New England, re-
sulting in an abnormelly high tide or tidal wave which exceeded by 2 faet
the similar hurricens tide levels of September 1815, and caused great
damage and loss of life in Rhode Islend. The 1938 hurricane tide over-
topped the Pawtuxet Dam 10.2 feet and flooded the lowlands along the lower
" Pawbuxet River., The rainfall of the precoding four days averaged 5 inches
over the Pawbuxct Watershed, but rescrvoir lovels wore low, and no dameging
flooding occurred from the sbream run-off.

%0. MAXIMUM PREDICTED FLOOD. ~ The greatest flood of record (period

1877 to 1939) occeurred in February 1886. It reached a peak of almost 1L



feet over the crest of the Pawbuxet Dam, 7 feet higher than the crosts
of March 19%6 and July 1938, For a flood of the magnitude of ;886 in
the lower river to be repeated, a much higher natural run-off than oc-
curred at that time would be reguired, because of the medifying effects
of Scituate Reservoir. Rainfall of the volwme and intensity of the
September 1932 storm, ococurring at a time favorable to high run-off,
would possibly produce a flood equal to that of 1886 even with present
storage in operation; and e rainfall equal to that of September 1938,
under the same conditions, would produce a flood in excess of that of
1886, The meximum predicted flood at pgints on the Pawtuxet River has
been computed, based on the following assumptions:

&. The use of wit graphs for all tribubaries and local
inflow.

b, A rainfall volume equal to the maximum total rain-
fall which occurred during the storm of September 19%8 on an
area equal to the drainege area invelved. This storm is the -
maximm storm of record in New England.

C. A rainfall duration of 72 hours.

e

de A rainfall distribubtion proportional to thetb deter-
mined by the U, S, Weather Bureau in a rccent study of rain-
fall in Hew England.
. A run-off factor of 80 percent.
Table X gives data on past floods and the maximum predicted floods atb
five points in the Pawbuxet Wabershed, Comparative values are given for

natursl conditions, i.e., no storage whetsoever, and for the conditions

actually existing at the time the flood occurred.

(See Table X on following page)
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TABLE X

tVolume in inches: st ‘n foob | Pealt discharge 3
of run-off 8ge in iect in c,f.s, : Probable
Flood : : Mod, by ¢ t Hod.by i Mod, by tfrequency
i Natural: existing: Natural: existing: Natural:existing! in years
3 : shorage: : storage: t gtoraget

:N¥orth Branch at Clyde (D. A. = 106.0 Sq, Mi.)
Feb, 1886 : 5.05 :+ 5.05 : 1,05 s 13,50 : 09660 : B8Lo0 82
*Mar. 1936 :+ 3.80 : 1.35 13,35 :+ 6,00 : 8620 : 1270 59
July 1938 : %.,55 : 3.55 ; 10.80 : 8.88 : 5450 : 3520 16
Max.Predicted: 12,78 : 12,78 : 23,02 : 19.90 : 25200 : 19400 1900

'

s ar ar

s ws a8

Southwest Branch at Anthony (D. A. = 73.2 8q. Ni.)

*
*

: !
3 At Pontilac

Feb. 1886 : 5.05: L.66 : 7.85: 6.7 : 7750 : 58O : 220

*Mar, 1936 : 3,80 : 3,80 : 5.37 s 5.0 : L3900 : 3990 L2

July 1938 : 2,32 1+ 2.23 : 3,32+ 3,20 : 2110 : 2000 6

Max.Predicted: 12,91 : 12,91 s 10.5 : 10,03 : 11900 : 10110 : 780
( .

D. A. = 194.7 8q. Mi.)

Feb, 1886 : 5.05: L.,90 : 8.65: T.77 : 17550 : 14150 :  1%0

*Mar, 1936 + 3,80 1 2,47 1 T.32 5 .65 1 12690 ¢ 5360 L9

July 1938 : 3,09 : 2,86 : 5,77+ L.95 : 7990 + 6020 o

Mex.Predicted: 12.01 : 12,41 : 12.36 : 11,12 : 35000 : 28700 : 1100
: AL Blmwood Avenue (D. A. = 220.9 Sq. Mi.) :

Feb, 1886 : 5,05 : L.92 : 23.5 PL.65 1 19930 : 15320 ¢ 1L3

*Mar. 1936 : 3.80 :+ 2,62 : 20.2 17.L5 ¢ 12210 1 7130 3l

July 19%8 : 3.1+ 3,11 & 18,9
Mex.Predicteds 12.4% : 12,43 : 33,6

17.65 ¢+ 940 ¢ 7500 s 17
29.20 : %8020 : 30710 : 1000

R

+ At Mouth, Pawtuxet (D. A. = 230.L Sq. Mi.) :
Feb, 1886 : 5.05 : l.92 : 19,00 ¢+ 16,10 : 20850 : 16070 : 148
*ar, 1936 1 3,80 ; 2,66 1 1L.05 1 11,95 : 11620 : 7700 27
July 1938 : 3,16 : 3,13 : 12,60 ¢+ 11,96 : 9950 : 7790 18
MaxePredicted: 12.41 : 12,41 : 37.00 : 27.90 ¢ LOLLO : %1490 : 1000

—

-

*First peal of March 1936 flood only.

3ls The rainfall wvolume used to compube the maximum predicted flood
ot the points listed in Table X veries from 16.1l inches on an area of
73.2 square miles, to 15,52 inches on an area of 230.4 square miles, with
depths of run~ofi of 12,91 inches to 12,52 inches. The maximum predicted
flood discharges, ummodified by existing storsge, very from 25,200 cubic
feet per sccond (238 c¢.f.s. per sq. mi,) at Clyde on the North Branch to
LO,140 cubic feet per second (17L c.f.s. per sg. mi.) at the mouth of the

main stresm. Including the effects of existing storage, these discharges



are computed to be 19,400 cubic feet per second (183 c.f.s. per sq. mi.)
and 31,490 cubic fest per second (137 c.f.s. per sq. mi.) respectively.
The modifying effect of the existing storage is most pronounced on the
North Branch below Scituate Reservoir, It chovld be noted that the maxi-
mum predicted flood discharges modified by existing storage are approxi-
metely four to five times greater then the July 1938 flood discharges.
V. FLOOD LOSSES

32. GENERAL. - Overflow of lowlands- along the Pawbuxet is a repgu-
lar occurrence during spring freshets, Moderaﬁe losses have resuited
from the recent floods of March 1936 and July 1938 and from many other
floods which have exceeded the normal freshet stage., The outstanding
flood was thet of February 1886, which grestly exceeded any recent floods
and caused extensive damsge. Only incomplete records are available for
the losses of 1806 and other early floods. Losses of March 19%6 and July
1938 have been thoroughly investigated and form the basis for thé computa~-
tion of average annual 1osées, and benefits to be derived from flood con-
trol measures. Thede benefits form the principal econcmic Justification
for flood protection,

%%+ FLOOD AREA, ~ Moderate floods of the magnitudé of the March
1936 and July 1938 floods overflow extensive areas below the village of
Natick, in the lower portion of the Pawbuxet Watershed., Although much of
this area is waste land, some is devoted to agriculture, and several
thickly settled residential areas and industrial plants are flooded. The
residential arcas affected are locally knovm as Natick Flats, Belmont
Park, and South ¥lmwood. Dwellings are mostly of a low-price type with
basements subject to frequent flooding by ground water as well as by flood
waters of the Pawtuxet River., WNe serious floocding of highweys end bridges

results from ordinary floods; highway traffic is but slightly affected and
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railroads not at all. A small developed arca at Clyde, on the Nerth
Branch just above the confluence with the Southwest Branch, 1s floonded
frequently. The prineipal losses at Clyde are sustained by a large tex-
tile finishing plant. Several dwellings, sbores, and a lumber yard are
also affected.

3l;. A major flood comparable to the record flood of Februsry 18856
would flood large arcas throughout the entire watershed. With the prosent
industrial development of areas adjacent to the river, cxcossive losses
would result. Industrial plents are located at intervals along the main
river and particularly on the North and Southwest Branches, where ample
fall is available for power. Each mill and adjacent urban development is
subject to disastrous inumdation by a major flood, although none has oc-
curred in recent years. Main arteries of highway and reilroad traffic
which cross the_watershed would be damaged and travel would be interrupted
by & great flood. No loss of life has been recorded from recent floods
on the Pawtuxet,.

35. The losses which can be assignod a monctory value are classified
as follows:

a. Direct losses are the physical demage to property and goods,

measured by the present-day cost of repair or the replacement in kind,
and the cost of cleanup and moving goods., These have been further sub-
divided as urban,{ineluding residential, commercial, and public losses),
rural, industrial, railroad, and highway,

b Indirect losses are the value of service or use either lest

or mede nmecessary by reason of flood conditions. They include losses of
business and wagoes and similer losses both within and'wiﬁhout the flood

area during the period of flood and subsequont rehabilitation.

c. Depreciation losses are the ebnormal decreases in the value
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or utility of property beyond that deducible from direet and indirect
losses. They have resulted from the floods of March 1936 and July 1938.

36, FLOOD LOSSES PRIOR TO 1936, - Flood accounts in local newspapers

stated that cellars were flooded, lowlands were generally inundated, and

en occasicnal mill was forced to shut down, as a result of the storms of

March 27-29, 1877; November 3-ly, 1927; and November 11, 19%2, The flood

of Qctober 3-l, 1869, was somewhat more severe, In sddition to the usual
flooding of the lowlands, a bridge in Coventry was destroyed and railroad
traffic was interrupted,

37. The f£lood of February 1885 was the meximum of record and ex~
ceeded ﬁhe recent flood heights of 1936 and 1938 by as much as eight feet
in some localitiecs. A fairly complete picture of the demage caused by
this great flood has been reconstructed from newspaper records of the day.
Table XI gives a partial record of the losses. It is estimated that the
total loss amounted to #250,000, which is equivalent to approximately
8675,000 at present price levels. Dus to the present development of the
basin, should a flood of this magnitude occur today it is cstimated that
the total loss would amount to $1,250,000, as given by the stage-loss re-

lationship described in Paragroph L,

(See Teble XTI on next page)
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TABLE XI

DIRECT FLOOD LOSSES - FLOOD OF FEBRUARY 1886

PAWTUXET RIVER WATFRSEED

Location Property
North Branch
Scituate Hope Mill
Highway
Coventry Arlowright Dam

Highvey

Village below dam

Interlaken Mills

Harris Mills

Pavituxet Valley

Railroad

West Warwick Birch Hill Bridge
Clyde Print Works

Southwest Branch

West Warwick CGreene's Works
Highway bridge

Pawbuxet ~ Main Stem

West Warwick B.B.&R. Koight

Hatick

Raiquéd'bridge

Netick farms
Highway bridge
Pontiac farms
Ponmciac Mill
Pontiae Mill
Xent Corner Dam

Warwick

Cranston Dye works

Total

Estimated grand total

*Not stated.

Description of damage Amount
reported
Dam out; mill, machinery,
and stock. % 35,000
Roads and bridges. 25,000
Embankment breached. ¢
Road washout. 1,000
Flooded to depth of 5 feet. *
Dam embanlment breached. 2,000
Undermined below Harris Dam. *
Carried avay. 1,000
Stocks and machinery. 18,000
83,000
_ Riverpoint plant dameged
(Bradford Soap Company) - *
Riverpoint bridge dameged. *
Natick Dam, mill, machinery,
stock, 145,000

Barns snd smell buildings car-
ried away, Natick Hotel dam~
aged, and other "extensive

losses.” #
Badly damaged. *
Much pouliry carried away. *
Pontiac Bridge wrecked. *
Badly damaged. *
Stoclk. 18,000
Machinery and buildings #
Destroyed. 1,000

Plant destroyed (Imperisl Dye
Works ). 15,000

S 79,000
i162,000
*250, 000
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%8. TFLOOD LOSSES OF MARCH 1936, - This wes one of the more severe

floods of recent years, Direct losses total approximately #80,000 as
summarized in Table XII, The Lippitt Dam at Phenix on the North Branch
end the Marshall Dam on & tribubary stream were breached. Farms, nursery
erops, end leads were damaged over a wide area in the lower wvalley.
Flooding of cellars and wells at Belmont Park, Natick Flats, end in a
few other thickly settled sectioms, which have nc sewage disposal systen,
created a serious health problem. Three large manufacturing plants sus-
tained damage to buildings and stock, the largest loss occurring on the
North Braﬁch et Clyde. A number of other lundustrial plants were forced
to shut dovm for a few days although they experienced only smell losses
in this flood, ¥No serious flooding of tronsnorbation faclilities occurred,
TABLE XIT

DIRECT FLOOD LOSSES - FLOOD OF MARCHE 1936

PAWTUXET RIVER WATERSHED

By Towns
Town #*Urban  Rural ##Industrial Highway Railroad Totals
Coventry & 250 § 0 $ 1,000 $ 0 0 $ 1,250
Cranston 2,650 5,000 13,000 0 0 20,650
Scituate 100 o 0 0 0 100
Warwick 10,950 500 1,200 500 0 13,150
Wost Warwick: 800 0 L3,600 0. 0 bly, Loo
Totals 1,750 5,500 58,800 500 0 79,550
By fributaries
Tributﬁry xUrban  Rural #*sIndustrial Hipghvey Raillroasd Totals
Main Stem 811,100 85,500  § 9,200 5500 0 $29,3%00
North Branch 100 0 13,500 0 o 113,900
Southwest Branch 250 0 1,100 0 O 1,350
Meshentieut Brook 0 0 5,000 0 0 5,000
Totals 1L,750 5,500 58,800 500 0 79,550

*Urban includes residential, commercial, and publlc losses.

#kIndustrial and utility,
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39. FLOOD LOSSES OF JULY 1938, =~ The 1938 flood was of approximately

the seme megnitude as the flood of March 1936 except on the Southwest
Branch, where the stage was somewhat lower than in 1936 and losses were
smalls, Direct losses are summarized in Table XIII. They total $148,050,
an increase of nearly 100 percent over the losses eﬁperienced in Merch
1936, The increase is partially a result of increased crop losses but
principally because emergency sandbagging and pumping at the large plant
of The Universal Winding Company was not successful in the July 1938 flood.
The largest single loss was sustained by The Universal Winding Company.
Low;ands‘were genorally flooded with resulting agricultural damage from
destruction of crops and erosion of farm and nursery land. Basements of
dwellings were flooded and most menufacturing plants were forced té shut
down, although individuel losses were not generally large., About two-
thirds of the losses occurred on the main stem of the Pawbuxect. At Naticlk
Flats a wide area, including several houses, farms, a nursery, and a
large idle mill, wﬁs flooded, Residential areas nearby, perticularly

the Belmont Park and South Elmwood sections, were badly flooded, General
poellution of wells éonstituted a. serious health problem. On the North
Branch the major losses occurred at Clyde to a large textile printing
plant and a lumber yard. Several other mills and dwellings on the North
Branch were slightly damaged. Direct losses by towns and by tributaries
are shown in Table XIII.

(See Table XIIT on next page.)



TABLE XIII

DIRECT FLOOD LOSSES - FLOOD OF JULY 1938

PAWTUXET RIVER WATERSHED

By Towms
Tovm *Urban Rural #*#Industrial Highway Railroad Totals
Coventry & 150 § 0 & 900 30 0 § 1,050
Cranston 3,100 6,150 65,200 0 0 7, L50
Scitugte &) 0 200 0 0] 200
Warwick 8,750 12,850 750 50 0 22,400
West Warwick 7,150 5,100 27,700 0 0 49,950
Totals 19,150 20,100 104,750 50 0 148,050
By Tributaries
Tribubary *Urban Rural *¢Industrial Highway Railroad Totals
Main Stem $17,200 $23,950 & 65,950 &50 4] $107,150
North Branch 1,650 0 38,200 0 0 39,850
Southwest Branch 150 0 600 0 ¢ 750
Pocasset River 150 0 0 0 0 150
Meshanticut Brench 0 150 0 0 0 150
Totals '19,156  '2l,100 10k, 750 50 0 148, 050

¥Urban includes residential, commerciasl, and public losses.
*xIndustrial and utility.

LO. RECURRING LOSSES. - Preventable reourring losses are those which

would occur with fubure floods, but can be eliminated by flood control. works.
They are computed from the losses experienced in the Mﬁrch 19%6 and July

1938 floods by eliminating losses which are clearly non-recurring by reason
of permanently altered usage or abandonment. Recurring losses are segre-
gated into damege resches in order to provide areas convenient for the sum-
mation of losses and the analysis of benefits from various plans of floed
protection, The Pawbuxet Wetershed was divided into 8 "damage zones" or
reaches which were subdivided for local protection studies wherever nccesg-
sary, The damage zones are described in Table XIV. They were chosen such
that individual tributary effects could be readily ascertained, and locations
with high concentrations of damage could be segregated. In cach damage zone
s definite reference gage was available with a good relation between stage
end discharge serving as sn index to stages throughout the reach. Recurring
logses are sumarized by demage zones in_Table XIV for the flcod of July 1938,

{Soc Table XIV on noxt page.)
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TABLE XIV

PAFTUXET RIVER DAMACGE. ZONES AND VALUATION DATA

*  Lend, buildings, inventory, equipment, furnishings, livestock, etc.
*% EBExclusive of direct and indirect losses.

Real and !Observed
Real estate]Reel estabe| versonal ldespreci-{Potential
Damage valuetion | valuation | property*| ation lincrease
zone River Description Index station {1938 flood{ Maximum Maximum |from19368} of land
: area vrobable probable jand 1938] wvalue
1. (pre~flood)|flood area |flood area{floodsxx
1 |North Branch|Xent Dam to 2d NYNH&H Bridge [Fiskeville Weir| § 452,000 | & 679,000 {$1,079,000|% &
above Junction
2 (North Branch]?2d NYNH&H Bridge above Junc- 254,000 463,000 907,000
tion to Junction
3  {Southwest Flat River Reservoir to Bradford Soan 101,000 735,000 1,224,000
Branch Junction Company Dam
4 |[Pawtuxet Junction (Riverpoint) to Netick Dam 70,000 420,000 500, 000
' Route No. & Highway Bridge
5 |Pawbuxet Route No. D Hwy. Bridge to Pontiac Dam 174,000 378,000 595, 000 40,000
NYNH&H Bridge 1/4 mile above
Elmvood Avenue
6 |Pawbuxet NYNH&H Bridge 1/4 mile above 198,000 660,000 | 2,780,000 18,700
Elmwood Ave. to Elmwood Ave.
7 jPawbuxet Elmwood Ave. to Warwick Ave. 245,000 923,000 | 1,100,000 52,200 | 11C, 300
8 |Pawbuxet Warwick Avenue to Mouth 78,000 220,000 253,000 5,000 42,000
Total real estate 1,572,000 | 4,478,000
Totel real and personal proverty 8,438,000
Tax exempt property affected (public and highway) £47,000
Railroad property affected (approximately) 163,000
Totals 1,572,000 ¢ 4,478,000 | 9,248,000] 57,200 | 211,000



L1, STAGE-LOSS RELATIONSHIP. - The relation between direct loss

and stage, referenced to the July 1938 flood crest, was determined for
each individual property as the damage surveys progressed. The relation
we.s established for a renge in stage extending from the beginning of
damage te the level of the maximum probable flood, using the recurring
preventable losses of the July 1938 and the Msrch 1936 floods as a con~
trol. The individual losses were related to stage at the index station
for the reach and summeted for one-foot increments of stage. Curves

of total direct recurring losses versus stage were prepared for each

damage zone.

L2, AVERAGE ANNUAL DIRECT LOSSES. ~ The discharge-frequency curve
waes plotted for the oﬁly U. 8. Geological Survey station in the Pawtuxet
Watershed, Fiskeville, and was based on recorded and historical floods.
The points from this curve were plotted on the general discharge-frequency
relationships for the Thames Watershed, showing discherge per square mile
versus drainage area in square miles with frequency as a parameter.

Since the agreement was exéellent and since the Thames and Pawtuxel Water-
sheds are adjacént end comparable, discharge-frequency curves for index
stations for the damsge zones in the Pawturet Watershed were obtained
from the general discharge-frequency relationship§ for the Thames Water-
shed. The damage-frequency relationship was obtained for each damage

zone from (1) the discharge-frequency relationships, (2) ﬁhe reletion-
ship of damage to stege derived as shown in Paragreph 41, and (3) rating
curves. The natural damage~frequency relation was plotted between 100
and 1.0 percent chance. Between 1.0 and O percent chance %he curve wes
distorted to the value of the dirsct loss from one maximum probeble flood,
The mean ordinate of the entire 100 percent chance period is then the
average annual loss. Average annual direct losses are summarized in

Table XV. (8ee Table XV on next page.)
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TABLE XV

FLOOD LOSSTES BY DAMAGE ZONES

PAWTUXET RIVER BASIN

!Recurring direct losses: Observed

: : ~ t depreciation : Average annual losses
Damage: : Flood stage equal Lo :of real estate:
Zone River ! Feb. 1886 : July 1938 :1936 plus 1938: Dirsct : Indirect :Depreciation: Total
: : _ : : floods : : : {computed) :
{1y : (2) : (3} : (L) : (53 : (6} : (72 : (8) : (3)
1  :North Bramech  :§ 10,000 : § 2,250 : § - . 0§ 3,190 : & 2,097 . $ 679 . § 6,166
2 .North Branch  : 320,000 : 37,500 : - . 22,680 i 27,216 . 370 1 50,266
3 ;Southwest Branch; 380,000 ; 750 ; - ; 9,008 ; 9,548 ; 735 ; 19,291
Iy :iPawtuxet . 111,000 : 21,900 - - . L,802 : L5 . 120 . 9,73
5 pawbuxet . 109,000 ; 7,300 - - . L5592 . L5092 360 . 9,5k
6 iPawbuxet i 136,000 : 60,100 - . 7,130 . 8,556 . 660 ;16,346
7 :Pawtuxet . 100,000 : 7,300 52,200 . 6,16 . 3,336 : 1,184 :  10,9%
: : : : : : L (1,305)*
8  :Pawtuxeb . 5h,000 ;6,550 - 5,000 2,882 1,210 o2 . L, 31k
. : : : _ : : : (125)*
Totall . 1,250,000 | 143,560 , 57,200 | 60,700 61,269 . 4,630 . 126,599

*( ) Estimated from Colum (5) at 2-1/2 psrcent annually.



L3, INDIRECT LOSSES. ~ The indirect losses were computed as a con-

stant percentage of the direct losses, This percentage was determined
for each reach by application of empirieal ratios to the direct recurring
losses of each type and by weighting these as they occurred in the July

1938 flood., The ratios are as follows:

Residential =~ 0,40
Comercial - 0470
Industrial ~ 120
Utility - 1;00
Railroad - 1.00
Highway - 1,00
Agricultursel - 0.20
Public - 0.50

The above ratios have been determined from analysis by sampling methods
of the flood losses of 1936 and 1938 in the Pawbuxet River Basin and in
other similar areas of the Providence District.

L. DEPRECIATION IOSSES. = The floods of March 1936 and July 1938

have caused substantial depreciation of property values. Recent deprecia~
tion is not excessive, however, because existing values and usage already
reflect more extreme flood experience. Depreciation losses have been most
conservatively estimated at 0.1 percent ammually of the wvalue of the
property affected. The annual deprecistion loss within the damage zones
investigated is &4,630, as sumerized in Table XV. A great flood such

as the maximum prédicted flood would cause depreciastion losses far in
excess of this amount,

L5,  FLOOD PROTECTION BENEFITS., - Tho determinable benefits froan

flood control are derived from the reduction of direct and indirect losses,

release from property depreciation, and the enhancement of land valuss.
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Annual direct benefits were computed as the difference in losses between
present or natural conditions and conditions as modified by proposed pro-~
tective works. The modified losses were computed by combining the stage-
loss and frequency relations ss described in Paragreph L1, except that
the modified freguency curve is used in place of the natural freguency.
Annual indirect benefits were computed as a percentage of direct benefits
by application of the percentage determined for each damege zone as de-
scribed in Paragraph L3, Depreciation benefits were computed as 0.1 per-
cent annually of the valuation of the property receiving complete pro-
tection and were limited to improved privete urban arcas. A fourth

class of benefits incidental to flood control accrues from cnhancement
in the wvalue of unimproved or partially improved lands. Enhancement has
been estimated from the potential land utilization of the protected
arsas, The annual benefit attributed fo protective works is computed

as 5 percent of the net inerecese in land value.

L6, ENHANCEMENT BENEFITS., -~ An increase in land value where de-

velopment has been retarded by floods is a practical certsinty, although
the increase may be speculative in nature. In Cranston and Warwick,
areas are partially developed with farms, nurseries, and a few scattered
low-price dwellings. They are within a few miles of the center of the
City of Providence, close to main highweys and to adjeacent high-type
residential end commercial developments. With satisfactory protection
from floods, an increase in the value of these unimproved or partially
developed lands is certain to occur. Increases from real estate specu~
lation might soon follow approval of the protective works while the more
general rise and development would continue over a number of years. The
potential increase in land values is conservatively estimated at $211,000
for a netl area of commercial frontage and residential development of

about 240 scres, Annual benefits are estimated at $10,500 based upon an
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report), with a Ffreeboard of 3 feet for the earth levee, and 1 foot for
the concrete wall section.

18. Alignment. - The levee protection proposed at Clyde is shovm
on Plates 3 and l, of the Appendix. The levee would protect 20 acres of
lowland located south of the Pawtuxet Valley branch line of the New York,
New Haven and Hartford Railroad. The elignment would begin et the rail-
road, would follow the tailrace of the Lippitt Mill, and thence would
follow the river. At a point 700 feet dovmstream from Main Street it
would diverge from the river to pass around the buildings of the Allied
Textile Printers Mill and terminate in the vieinity of Clyde Street at
the railroad. The over-all length of the levee would be 3,100 feet.
Charnel improveménts are proposed to rectify restrictions of the chamnnel
caused by the levee, The improvement would include the widening of the
channel below Main Street Bridge.

19. Geology. =~ The most prominently developed stratum in the founda-
tion 1s made up of pervious sand and gravel, averaging sbout 12 fest in
thickness. Throughout about half the 1engthlof the proposed levee, the
upper portion of the foundation comprises fill materials of cinders,
sand, and gravel. Quartzitic rock, which oceurs at a depth of from 15
feet to about 25 feet, is directly overlain in places by moderately
pervious beds of mixed sand, silt, and gravel.

20. Embankment. - The maximum hydrostatic head to which the earfh
embankment would be subjected is 15 feet. The section would have a crown
width of 10 feet, a riverside slope of 1 vertical on 2«1/? horizontal and
& landside slops of 1 on 2, The embanlment would consist of a random
section and an impervious blemket on the riverside slope. The random
material would be a mixture of gravel, sand, and silt obbtained from
the foreshore at the lower end of the levee and the blanket meterial

of fine sand and silt obtained within a distance not exceeding one
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two most heavily populated and industrialized arsas, Cranston and West
Warwick, and will result in removal of nearly all objectionable wastes
from the main river and its tribubary, the Pocasset River. A large
measure of sanitation benefit is afforded by flow regulation on the North
Braneh at the Providence water supply development, and on the Southwest
Branch at the Flat River Reservoir dam. An inspection of the stream
during the dry season showed a good volume of flow in both major tribu-
taries. No important sources of pollutien could be located that are not
to be remcdied by projects contemplated or in progress. Detailed findings

are given in Seetion I of the Appeondix.

51. CONSERVATION, - Additional storage for conservation on the Paw-
tuxet River is not an important issue at this time. Most watef-power
installations are obsolete and are being repleced by electric power or by
steam plants. The more important use of water is for processing,_and the
supply is adequate for thig purpose.

52« NAVIGATION. - The Pawbtuxet River is not commercislly navigable
in any part of its length, There is no need for navigation on the river.
The probability of the development of any need is remote.

53, WILD LIFE, - No improvement in conditions favorable to wild
life which can be effected by improvement to the Peawbuxet River has been
advocated by local interests.

ViI. PLAN OF IMPROVEMENT

5L, GENERAL. - Five general methods of flood control in the Pawtuxet
Watorshed have been studied. These are: (1) possible operation of exist~
ing rescrvoirs to provide a maximum of empty sborage capacity for flood
control preceding storm seasons, (2) additional reservoir storage, (3)

levees or walls, (l1) channel improvements, (5) diversion of flood watsrs.

55. OPERATION OF EXISTING RESERVOIRS. - Flat River and Scituate

Reservoirs are the only two reservoirs in the Pawbuxet Watershed which

- 36 -



have an apprecisble flood-reducing effect. All other dams either control
very small drainage areas or are at run~of-river plants with negligible
storage., The capacity of Flat River Reservoir is 2,0 inches on its gross
drainage area (see Table V) and its flood-reducing effect is mainly at-
tributable to its surcharge storage. At Scitucte Reservoir the normal
sumper flow 1s inadequate to supply the draft required for water supply
end for the demends of the wverious mills for water, as stipulated in
agreements with individual mills and incorporated in the 1915 Rhode
Islend Water Act. To ensure a full reservoir by the beginning of the
summer period of low run=off, a large portion of the normal winter run-
off, ineluding that from snow and ice, must be stored. It is thus pos-
sible for a great storm to occur when the reservoir is full, in which
case ounly the swrcharge storage is effective. Flood control benefits
could be obbtained by maintaining the water in Scituate Reservoir at levels
below the spillway crest. The reservoir mﬁst be kept full, however,
especlally preceding periods of low run-off, ©to ensure an adequate volume
for water supply and for flowage rights. Some mill owmers claim that the
economic losses to their mills dowmstream, should their flowage rights
be not maintained, would be greaber than the average flood losses.
Therefore, 1t appecars that operation of existing reservoirs for flood
prevention would not be feasible without defeating the purpose for which
they were built.

56, ADDITIONAL RESERVOIR STORAGE - WASHINGTON RESERVOIR. - Only

one practicable dam site for flood control storage has been foumd in the
Pawtuxet Watershed. It is located on the Southwest Branch nesr Washington,
and hes a drainage asrea of 61,9 squarse miles., The reservoir area would
include the existing Flat River Reservoir, and would require the abandon-

ment of that reservoir and the maintensnce of a conservation pool of equal
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capacity behind the Washington Dam. For a storage volume on the drainage
ares of 61,9 square miles of six inches in excess of the existing capacity
of Flat River Reservoir, the Washington Dam would have & spillwsy crest
elevation of 252.5 feet above mean sca level, or 19.9 feet above the ex-
isting water surface elevation at the site of the proposed dam. With

a meximum surcharge of 10 feet and a freeboard of § feet, the height of

the top of the dam above the existing water surface would be 34,5 feet,
The spillway would be of the solid concrete gravity type, 245 feet long.
The outlet structure would consist of an opening in the spillway fitted
with two gates having sill elevations at the conservation pool level,
2li3.7 feet above mean sea level, and with their tops et the same elevation
as the spillway crest. Four 3' x L' sluice gates would be provided at
stream bed elevation to draw on the conservation pool, or to empty the
reservoir if necessary. The dam would have a total length of 2,500 feet,
and would be constructed, aside from the spillway section,.of earth em-
bankment. A general plan of the Washingbon Dam is shown on Plate 2 of

the Appendix. In addition, an earth dike 1,650 feet in length would be
built scross a low saddle in the reservoir rim, to the elevation of the
top of the dam. Relocation of 1.7% miles of improved highway and 2,36
miles of single track railroad and the removal of 8 cemeteries having a
total of 860 graves, would be necessary. Rehabilitation or purchase of
250 summer camps and cottages would be included in the cost of the flooded
area. The annual charges én the estimated total cost of $1,1%6,000 would
be $60,870, which materislly exceed the total average annual benefits of
-$50,970° There are no other feasible reservoir sites, and the benefits

to be realized from increasing the storage of any existing reservoir would

be less than the charges. The debailed cost estimate of Washingfon Reser-

voir is included in Section II of the Appendizx.
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57. LEVEES. ~ Levees provide complete protection for the areas en-
circled. They are usually practicable oniy for those sections along a
river where damages have been concentrated in small areas. These naturally
resolve themselves infé the‘mqrg'highly industriaslized and more densely
populated rééi@eptial area;:KLOp‘?ha Pawtuxet, a study of damages suffered
iplpg%pyfidod;'iimits-such areas,;ﬂscgpﬁible te flood protection by levees
tpggﬁémailfdresf&t Clyde, eand to that secfion of the mein river extending
_f{qmﬂjgstﬂabéﬁé:ElmWOod Avenue in Crggﬁ%?ﬁ,:to the mouth. (See Plate 3.)
Aftexv&qdétailed éamparison of costséyefgus benefits, three levee projects
were selected £6r f£inel consideratioA,\ Ehese are designated the Clyde,
Warwick, and Cranston Levees and é;ershown on Plates % snd 5 of the Appendix,

a. Clyde Leves. - At Clyde, o short distance above the junction
of the North and Soutﬂwéét Branche%; whére the river folldﬁgié:winding
_,gourgéirthe Pawtuxst Vélléy Raeilroad crosses the North Branchmfwice in
twa;thfrds of @ mile. The land.intercepted between the high railroad em-
benkment and the left bank of the North Branch is the area which would be
protected by the ClydélLé;ee, The levee, with an over-all length of 3,100
feet, would follow éﬁeiriver between the railroad bridges;:excluding the
teilrace of the Lippitt Mill. It would consist chiefly-of sn earth em-
bankment with a maximum height of 18 feet, a 10-foot crown width, and
slopes of 1 vertical to éil;érhorizontal on &%é riverside, and 1 vertical
to 2 horizontal on the 1an5;idé. Where space 1imifaﬁion3‘would not per-
mit the use of an earth section, reinforced concrete walls of the canti-
lever type with a maximum height of 13 feet would be used. Abutments
for a éandbag closure in time of flood would be provided at Main Street.
The chamnel below the Main Street Bridge would also be improved by widen-
ing it to increase the flood discharge capacity. Local drainage would
be removed by a pumping plant with a capacity of about 100 cubic feet per

second, Costs and benefits for the Clyde Levee are shown in Table XVII.

..59-.



Ef Warwick Levee. « The Warwicl Levee would be located on the

right bank of the Pgwfuxet River, inclosing an area of L0 acres on both
sides of Elmwood Avenue in Warwick, including the section known as Belmont
Park, The levee Would consist mainly of an earth embankment with a mexi-
mun height of 20 feet, a crown width of 10 feet, and slopes of 1 vertical
to 2-1/2 horizontal on the river side and 1 vertical to 2 horizontal on

the land sidé. In restricted aress near Regnier Pond end Elmwood Avenue,
concrete cahtilever walls with a maximum height of 18 feet would be used.
The height selected for the levee or wall assumes the prior construction

of the Broed Street Improvement deseribed in Parsgraph 58. The levee would
cross E;ﬁwood Avenve by means of a stop-log structure. Locael drainage
would be removed by a pumping plent with a capacity of about 25 cubic feet
per second, Costs and benefits for the Warwick Leves are shown in Table XVII.

Ce Cranston Levee. ~ The Cranston Levee would be located on

the left bank of the Pawbuxet River, extending for one-quarter of a mile
on each side of Elmwood Avenue, The levee would consist mainly of an earth
smbankment with & meximun height of 21 feeot, a crown width of 10 feet, and
slopes of 1 vertical to 2-1/2 horizontal on the river side and 1 vertical
to 2 horizontal on the land side. In the restricted space west of Elmwood
Avenue, a concrete cantilever wall with & maximum height of 19 feet would
be used. The height selected for the levee or wall is predicated upon the
assumption that the Broad Street Improvement would have already been con-
gtructed, In Scheme 2, desecribed in Paragrapﬁ 60, grades are estimated on
the assumption that the Warwick Levee is also to be built; in Scheme 3,
that the Warwick Levee is not to be built. The levee would cross Elmwood
Avenue by means of a stop-log structure. ~Local dreinage would be removed
by a pumping plant with a capacity of 75 cubic feet per second. Costs and

benefits Lor the Cranston Levee are shown in Table XVII,
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58. CHANNEL IMPROVEMENTS. - The improvements investigeted in detail

include changes in the Broad Street area at Pawbuxet, designated as the
Broad Street Improvement, and two short chammel-straightening cuts just
downstream from the Elmwood Avenue Bridge, designated as Cranston and
Warwick Cut~offs,

8. Broad Street Improvement., - The Broad Street Bridge croscses

the Pawtuxet River just above its mouth. A small dam, known as the Broad
Street or Pawtuxet Dam, is located 75 feet upstream from this bridge.
(See Paragraph 27 Ef) The bridge and dem together form a water-stage
control for the lower three miles of the Pawbuxet River, the former at
high flows and the latter at lower flows. The shift of control from
the dam to the bridge occurs with floods equal to those of March 1926
and July 1938, The plan of improvement (see Plate 8 of the Appendix)
includes lowering the dam and installing automatic flashboards, adding
another span to the bridge, and deepening and widening the channel in
the immediste vicinity. The hydraulic effect of this plam in lowering
flood stages upstream is shown on Plate 3. Costs and benefits for the
Broad Strest Improvement are shown in Table XVII.

(1) Dam. - The existing dam is of the ogee concrete over-
fall type, with a length of 170 feet and a crest elevation 5.2 feet above
meen sea level., The plan of improvement calls for lengbthening the dam
to 230 feet, and lowering the crest elevation to 3.0 feet above mean
sea level,  Automatic flashboards would be installed on the crest to
elevation 5.2 feet, maintaining the present water surface elevations
except when the flood of zero demage in the lower three miles of the
river is exceeded, With two feet of water over the top of the flash-
boards, they would trip auwtomatically, lowering the flood stages upstream.

(2) Bridge. - The existing Broad Street Bridge is & twin

arch originally of stone masonry construction 30 feet wide. In 19%% the



bridge was widensd, using reinforced concrete construction with stone
masonry facing. The bridge would be enlarged by adding e third span of
equal size, with necessary retaining walls, and with construction similar
to that used for widening.

(3) Channel. - The existing chennel below the dam would
be improved by removing all ledge or other material projecting or lying
above an elevation of 3.0 feet below mean sea level.

b. Cranston Cut-off. - The Cranston Cut-off (see Plate 5 of

the Appendiz) would be a cut 1,600 feet long across a neck of land on
the left side of the existing chamnel, starting 2,200 feet below the
BElmwood Avenue Bridge. It would utilize, for most of its length, a
swale which is apparently a former channel of the river. Backwater
studies disclosed that the cub-off would lowsr flood sbages from its
upper end to the Pettaconsett Dam 1—L/2 miles above Elmwood Avenue. At
Elmwood Avenue,lthe stage of the maximum predicted flcod would be lowered
0.75 foot by this plan, assuming that the Broad Street Improvenment will
already have been made, and the stage of a flood egual to that of July
1938 would be lowered 0.6 foot. The cost and benefits for the Cranston
Cub-off are shown in Table XVII.

C, Warwick Cut-off. - The Warwicls Cut-off would be a cut

—

1,500 feet long starting immediately below the Elmwood Avenue Bridge,

end crossing the section known es Belmont Park. This cub-off would
provide smeller reductions in upstream flood stages than the Cranston
Cut~off. The cost of excavation would be at least as large as those for
the Cranston Cut-off, and land damages would be much greater. Alsc, it
would provide protection for a smaller area than the Cranston Cut-off,
since the latter starts farther downstream. DBecause of the stream align-
ment, it is not feasible to construct both cut-offs, and hence the‘Warwick
Cut-off was not.considered further.

59. DIVERSION QF FLOOD WATERS - PONTIAC DIVERSIQN. - A plan has been

studied for the diversion of flood waters from the main river to Greenwich
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Bay. Such a plan would completely control the flow from 195 square miles
of the totel of 230,L square miles of drainage area in the Pawtuxet Water-
shed, and, except for the rare occurrence of an extremely high tide such
as that of September 21, 1938, would provide virtually complets protection
from floods for all sections of the main river from Ponbise to the mouth.
It is thus atireactive as an engineering solution for flood control and
would be a substitube for the Cranston snd Warwick Levees, the Cranston
‘Cut—off, and the Broad Street Improvement. The logical point for this
diversion is from just below the mouth of Meshanticut Brook et Pontiac

to Apponauvg Cove at Apponauwg. During periods of normal river flow, all
the discharge would be passed through gates in the diversion dam, and

flow conditions would remain as at present. During flood perilods, the
entire flow would be diverted through a channel to Apponaug Cove. The
plan would require a diversion dam with getes, and a chamnel with a gate
structure, and other appurtenant structures (see Plate 10 of the Appendix).
'The hydraulic requirememts for the diversion dam, the gates, and the di-
version chennel are discussed in Paragraph &l, Secotion II of the Appendix.
Costs and beneiilts for the Pontiac Diversion ere shown in Table XVII.

8. Diversion dem. ~ The diversion dam scross the Pawbtuxe®

—

River would be located just west of the highway bridge at Pontiac, It
would have an over-all length of 1,200 fest and would be of rolled earth
£ill consbruction with & crest elevation of 6,0 feet above mean sea

level, which is approximately 25 feet above the bed of the stream, The
top width would be 20 feet, with side slopes of 1 wertical to 3 horizontal,
A gate section consisting of three Stoney-type gates, each about 15 feet
wide by shout 8.% feet high, would be located in the dam near the existbing
channel to discharge the normel flow of the stream. The sill elgvation

of these goates would be at an elevation 23,0 feet sbove mean sea level.
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E. Diversion channel, -~ The chernel would have an over-all

length from the river to Apponaug Cove of 5,500 feet. The upper iy, 200
feet would be lined with concrete and would have a bottom width of 100
feet, and side slopes of 1 vertical to 1—1/& horizontal up to % feet above
maximum water surface. At this elevation there would be a 10-foot berm,
and above this the slope would be 1 verticel to 1-1/2 horizontal up to
natural ground surface. The lower 1,300 feet of the chamnel would be
concrete~lined, and would have a bottom width of 50 feet with side slopes
of 1 vertical to 1 horizontal up to L fect above the maximum water sur-
face. The entrance to the channel would be a reinforced concrete gate
structure 140 feet long with a sill elevation of 21.l feet above mean
.sea level. It would be equipped with eight Stoney-type gates, each about
15 feet wide by 8.5 feet high. These gates would bs shut in times of
normal flow, excluding the water from the diversion chammel. In times

of flood the gates in the diversion dam would be elosed and the gates to
the diversion chanmel would be open, diverting the flood waters through
the chsnnel,

¢.  Appurtenances. - Three new highway bridges crossing the

diversion chamnel would be necessary, at East Avenue and at Highways
Nos., 117 and 1. Levees would alsc be required to confine the flow in
the channel at a pond near the Apponsug Mill. Normel operation of this
pond would be maintaeined by the installation of gates.

60, PLANS STUDIED. - The various plans for flood protection which have

been studied have been combined inkto four composite schemes.for economic

comparison, as stated below. The Clyde Levee is included in all schemes.,
f. Scheme 1. - Scheme 1 includes the Clyde Levee and the Pon~

tiac Diversion. The Clyde Levee provides complete protection for a small

area on the left bank at Clyde. The Pontiamc Diversion provides wvirtually



complete protection for the lower five miles of the Pawbuxet Kiver, l.e.,
demage zones 5, 6, 7, and 8, Scheme 1 is a prior alternative to any of
the other schemes.

b Scheme 2, - Scheme 2 inecludes the Broad Streect Improvement and

the Clyde, Cranston, and Warwick Levees. The Broad Street Improvement pro-
vides a measure of protection for the lower 3 miles of the Pawbtuxet River,
i.e., demage zones 6, 7, and 8, by lower flcod stages. The three levees pro-
vide complete protsction against a maximwn predicted flood for the aress con~
cerned,

G Scheme 3, - Scheme 3 includes the Broad Streset Improvement and

the Clyde and Crenston Levees. It is the same as Scheme 2 minus the Warwick

Levee.,

d. Scheme L. -~ Scheme l. includes the Broad Street Improvement,

Clyde Levee, and the Cranston Cut-off. The Warwick and Cranston Levees ars

omitted.

61. COSTS AND BEWEFITS. - The costs of all the works, except the Pon~

tiae Diversion Channel, are based on the reguirements that lecal interests
provide,without cost to the United States, all lands, easements, and rights-
of-way necessary for the construction of a project; hold the United States
free from damages due to the construction; and mzintain and operate all
works after completion. The costs of the Pontiac Diversion are based on
the requirement that local interests contribute 25 percent of the total cost
of the Pontiac Diversion Channel, not to exceed $3L7,500, including the
costs of:lands, casements, and rights-of-way (see Paragraph~70)n . In-each
cemwythe costs of pumping plants are included as Federal costs and the

cost of intercepting sewsrs is included as local costs A summary of the
costs for the four schemes is shown in Table XVI., The detailed costs are
evaluated in Section II of the Appendix. The average annual benefils are

listed and compared with the annual costs for each scheme in Tseble XVII.
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TABLE XVI

SUMMARY OF COSTS

1+ Lands . s Cost to :+ Cost to loeal : Total
imii:gerggn’b _Cozfzruc Brldge 'Pg?z_;gg D;gznr : and 1 Total ¢ United States(l) : interests (1) : annual
: 3 : : -damages- : Total : Amual: Total Annual-cdst(l)
SCHEME 1 3 :
Pontiae Diversion:1,082,000: 229 ooo- - 3 - 79 ooo 1,390, ooo 1,042, 500(2)50 010: 5&7 500(2) 33, 91;0 83,950
clyde Levee : 19L;,0f*o~ - 2 8%,000; -~ : 22,000: 299,000 277,000 : 11,100: 22,000 . L; 210: 18,310
Total +1,276,000:229,000: B83,000; -  :101,000: "W TBTQ"S"G : BE'TD'.W 38—‘56.‘.{6’2‘26'6
SCHEME 2 s : , : : : : : 1 : 1 :.
¢lyde Levee . 194,000: - : 83,000: - : 22,000: 299,000; 277,000 : 1L,100: 22,000 : L,210: 18,310
Cranston Levee : 203,000 - : 87,000:42,000: 30,000: hO2,000: 33%0,000 : 16,L80: 72,000 : 7,120: 23,600
Warwick Levee + 235,000; - : 34,000:11,000: 3*4,000- 31y, ooo= 269,000 ; 12,1420- L;s 000 h,680= 17,100
Broad Street Im-~ : : : s -
provement : 52, ooo by, ooo- - i 5, ooo- 10&,000- 99,000 + 5, 790 5,000 279: 6,060
Total "7'2:75 ET‘ 000: 2‘6’5‘6"6 133"0‘06' ?1’““’“00 5. 1, 9“?5‘"0‘ 975,000 : L8,790:1I0L,000 : 16,2680: 65,070
SCHEME 3 H 3 : : 3 : H
Clyde Levee : 19&,000: - 83,000: - 3 22,000, 299,000: 277,000 : 14,100; 22,000 : L4,210; 18,310
Ccrenston Levee : 178,000 -  : 87,000:12,000; 29,00(): 336, ooo.- 265,000 ¢ 13,700: 71,000 : 6,710: 20,010
Broad Street Im- H H : H : H : H
provement :  52,000: L7,000: - : 5,000‘ 1014,000' 99 000 : 5,790: 5,000 : 270: 6,060
Total : Lﬁea,ooo I{7,000: W‘é‘m '56"655, " 739,000; ¢« 33,550: 98,000 ¢« I1,190: 41,780
SCHEME L : ' : H H t 3 H T 2 H
Clyde Levee 2 19h,ooo= - 3 83,000 - : 22,000: 299,000: 277,000 : 14,100:; 22,000 : 4,21J: 18,310
Broad Street Im- : S : : : H H : : :
provement N 52,000: 17,000 - : - + 5,000; 104,000 93,000 ¢+ 5,790: 5,000 270: 6,060
Ccranston cut-off : 55,000, - : 20,000; 75,000: 55,000 : 2,890: 20,280 . 1,L12: 4,300
Total H 50 1 000 Ef 66 85 56 i ,000; E?B,GGGE 531,555 H m: Ei:zaa : 5s8;53 2836;6

(1) TNote: -Local interests providing lands, damages, and maintenance.

(2) Note: ZLocal interests contributing 25 percent of the total cost.
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TABLE XVII

AVERAGE ANNUAL BENEFITS AID COSTS

p ) : Total :Total annual cost:;Ratio average snnual
Scheme Damage, =V

orase annual benefits ¢ sonual ¢ o Federal :benefit to annual cost
zone ,\Pircetrindirect:Depreciation:inhancement:ioval :cost (1):Government (1) . Federal :  Tobal
SCHEME 1 s . : : " A : - -
Ponkiac Diversion 5 s 4,370: L,370 180 : 2,000 . . : .
& 1 7,090: 8,510 : - 5ho 3 900 : : ‘ : .
7 H 6’ 320: 5:280 H 7h0 2 5,530 H H s : .
8 : 2,800 1,180 . 10 . 2,100 . . )
Subteotal §5’§8_- 17,540 1,500 : 10,500 )0,020 83 950(2) 50,016{2) : 1.06 : 0£.60
Clyde Levee :22,%20: 26,780 . 260 s 49,360, 18 ,310 & 11,100 : 3.50 . 2.70
Totol :E§;§66: T TE0 T ILEe0 T TIDL 500 O, 330, 107, 550, 8L, II00 .
SR D T : ‘ : : : 3 : :
CTivde Leves :‘2 %20 26,780 . 260 : +h9,360: 18,210 14,100 : 350 : 2,70
Cranston Levee . 5,880: 6,600 ; 700 : 200 :13,530: 23%,600 . 14,180 :) ‘
Warwick Lovee + 1,540: 756 160 : 500 s 2,550, 17,100 12,120 ) 0.7 s 0.55
Brozd Strest Improvement 5,260: 3,790 1 280 : : 9,330 6,060 5,790 ) .
Total + 75,000 5; 920"y — 1,L00 : 700 :75,020: 55,070 43,790 : :
SCEEME 3 : : : : : e : : s
Clvde Levee :22,320: 26,780 . 260 : 19,360, 18,310 . 11,100 : 3,50 @ 2,70
crenston Levee s 6,110; 6,720 680 : 200 :13,710. Eu,Llo : 13,700 )1 19 ' 0.88
Broad Strest Improvement : 5,470: 3,870 280 : : 9,620 6,060 . 5,790 :) : :
Total :3_)3 g503 57:5?/0 H 13220 H 200 : ;2;0.302 LLL’—,T&O H 55,590 ] -
BRLs 1L H : o : : : H : 2
igy & fovee :22,%207 26,780 260 :49,%60: 18,310 ; 1}4,100 : 3,50 1 2,70
Broad Stroct Improvement : 6,290: L,650 . 370 : :11,%10: 6,060 . 5,790 :) 70 ¢ Ll
Cranston Cut-off : 1,7%0: 1,710 10 : : 3,0b50: [,300 . 2,890 1) e . .
Tobal : 50,00y 52,140 ano t :6h,120: 28,6/0 22,780 s .

(1) ®ote: ILocal interests providing lands, demages, and meintenance.

{2) Hote: Local lnterests contributing 25 percent of the total cost.



VIII. DISCUSSION

62, CLYDE LEVEE. - Scrutiny of the average smnuael losses on the
North Branch discloses large 1osseé concentrated in a small ares on the
left bank at Clyde. Diversion of flood waters from sbove this locality
is not feasible, and chamnel improvements will not appreciably reduce
the losses. It has already been shown that conbrol of existing reser-
voirs on the North Branch camnot be depended upon for flood control,
and that there are no new sites suitable for lood control storage.
Lerge localized losses fully justify a levee or wall at this location.
The average annual losses suffered within the area encircled by the
proposed Clyde Levee amount to $49,360, which is more than adequate %o
justify the ammual charges of $18,310 on the total cost of $299,000
necessary bto build and maintain the levee. The area that would be pro-
tected includes s factory, a lumber yard, and several business blocks
and homes. The factory concerned furnishos employment to five hundred
persons, and the econcmic welfare of Clyde is almost enbirely dependént
upont its It is considered to be in good finsmcial condition, and gives
promise of combinuing indefinitely. As an indication of its stability,
its operation has been practically continuous at least since 1886. With
the protection whioh would be furnished by the Clyde Levee benefits
would extend beyond the limits of the small area encircled through the

wage security of the persons employed in the ares.

63. WARWICK LEVEE. - This levee provides flood protection to that
residential secti&n of Warwick known as Belmont Park, and some mercentile
establishments along Elmvood Avenue. Protection is urgently desired by
the residents of Belmont Park. During floods of the magnitude of the
1936 and 19%8 floods, it is necessary to evacuate the area completely.
Flooding of cellars is an annual occurrence. For this reason, Belmont

Park is mot a firsgt-class residemtial area. A levee which would furnish
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complete protection for it would be practically a ring levee. It would
be of such a height as to occupy a large provortion of the area requiring
protection. It would also so restrict the natural flood plain of the
river as to incrcese flood heights in Cranston and upstream by as much

as 5 feet for the meximm predicted flood. The levee would cross Elmwood
Avenue, a main thoroughfare from Providence south, with a stop~log strue-
ture. Its closure would cause an interruption to treffic during floods.
Some form of protection other than levees is preferable for this area.
The cost for a levee to protect the srea, and the benefits therefrom com-
bined in various schemss with other plans, are shown in Table XVII.

6li, CRANSTON LEVEE. - The Cranston Levee would furnish complete

protection to an srea of concentrated and large flood losses on the left
bank of the main river on both sides of Elmwood Avenuve in Cranston. The
area includes ae loerge factory, a school, busiress blocks, and seversal
homes. The feactory invelved is a prospsrous concern furnishing steady -
employment to 650 versons. Complete protection for this factory snd con-
sequent insurance against payroll interruptions would provide sconomic
benefits to a considerably larger area than that inclosed by this levee.
This levee would not materially inerease flood stages in Warwick ~or up~
stream, The levee would cross Elmwood Avenve with a stop~log structure

of a height dependent upon the prior or simultaneous construction of Warwick
Levee or the Broad Street Improvement. As in the case ol the Warwick Levee,
this stop=log structure would cause an interruption to traffic during
floods. The costs and the benefits allocaved to the Cranston Levee under
various schemes are shown in Table XVII. An asrea adjacent to the lower

end of the levee suffers large flood losses but not sufficiently large

to Justify extending the levee to include this aresa.



65, BROAD STREET IMPROVEMENT. -~ This plan would involve a change

in conditions in the gicinity of Broad Street resulting in a lowering

of the stage control affecting the lower three miles of the river. As

a flood protection project, it would have the adventage of furnishing
limited protection to the entire lower Pawtuxet, whereas any one levee
plan, such as the Warwick or Cranston Levee, would furnish complete pro-
tsetion Yo a limited area only. Thus, the Broad Street Improvement would
provide s measure of flood protection for scattered areas without suf-
ficiently concentreted losses to justify a lovee projeet. This plan is
combined with either or both of the Warwick and Cranston Levess, since

it lowers the grade and cost of the levees, It would in no way inter-
fere with recreational facilities on the lower Pawbuxet, as present
stages would be meintained except for flood stages of two feet or grester
over the existing Pawbuxet Dam, when the automatiec flashboards would go
cut. BSuch floocd stages oceur on an average of once a year. The total
cost for the construction of the Broad Street Improvement would be
$100,000, with ennual charges of $6,060, and the average snnual benefits
would be $12,100 if not considered in conjunction with the Cranston or
Warwiok Levee. The allocation of average annusl benefits to this im-~
provement in schemeg including the levees isAshown in Table XVII.

66, CRANSTON CUT-OFF. - The Cranston Cut-off would provide & re~

duction in flood stage upstream by shortening the existing channel with
a new chennel across a neck of land below Elmwood Avenue. The reduction
of stage was found to be greatest when this plan was considered with

the Broad Street Improvement. Since the cub~off would he dependent upon
tﬁe Broad Strest Improvement to obtain the maximum reduetion in stege,
it was ineluded inm Scheme L. The cut-off would provide partial pro-
tection to upstream éreaS‘whieh also receive partial protection from

the Broad Strect Improvement. This plan could alsc have been combined
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with the Warwick and Cranston Levees bubt the reduction in cost duve to the
lowering of the levees would not Justify the necessary expenditure. The
total cost of construction for the Cranston Cut~off would be $75,000 with
armuel charges of $l1,300. The annual benefits would be $3.1i50 in conjunc-
tion with the Broad Street Improvement. The allocation of average armual
benefits to the Cranston {ut-off in Scheme L is shown in Pabie XVII.

&7. PONTIAC DIVERSION, - The Pontiac Diversion as provosed would

divert all flood waters from the main sbtream above Pontiac. During nor-
mal flow periods, the diversion channel would remain dry and the entire
flow would follow the present course of the river. Consequently, no
water rights would be infringed, and no interference would result to
recreational facilities on the lower Pawtuxet. The Pontiac Diversion
would furnish virtuslly complete protecticn for the lowsr six miles of
the river, while the Warwick and Cranston Levees would furnish complete
protection for only limited areas, and the Broad Street Improvement would
furnish pertial protection for the lower three miles of the river., The
adoption of the diversion plan would obviate any necessity for the Warwick
and Cranston Levees and the Broad Street Improvement, sinee it would pro-
vide complete protection to the areas which they would benefit., In addi~
tion, the divérsion would provide desirable protection to the area .ad-
jacent to the lower end of the Cranston Levee site that could not justi-
fiebly be included in the area encircled by the Cranston Levee. It would
protect Belmont Park without cccupying part of the area as would be the
case with a levee. There would be nc¢ necessity for step-log structures
across Elﬁwood Avenue with their attendant psychological disadvantages,
operation reguirements, and interruptions to traffic. It would eliminate

the danger of payroll interruptions from floods in the entire protected
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ares, with resulting benefits extending to sntire communities beyond the
sections alomg the river. Pontiac would be completely protected, as well
as all other sections along the river above the QL& Peltaconsett Dam,

where the effect of the Broad Street Improvement would end. It is the

best engineering solution to the flood control problem on the lower Paw-
tuxet River. The Rhode Island State Bureau of Fisheries has stated thet
the passage of large quantities of fresh waber into Narragansett Bay via
Apponeng Cove and Greenwich Bay would cause no deamage to local shell~fishing
interests. The occasional use of the diversion canal for flood control
would reduce the polluted areas in Apponaug Cove and Greenwich Bay, resuli-
ing in a benefit to the adjacent locelities.

68, UNEVALUATED BEHSFITS. - Losses previously discussed and used

to compute the average snnual benefits have been those essily expressed

in dollars and cents, There are additional berefits which have not been
eralvated. Mo estimate has been made of.the increase in anmual direct
losses which will result Cfrom the normal growth aﬁd development that may
be reasonably enticipabed even if flood protection is not provided. The
cities of Cranston and Warwick, wherein protection is adveocated, are grow-
ing suburbg of the (ity of Providence. They have shown increases in popu-
lation of %0 percent in the last decede, and a substantial increase in
direct benefits from the flood control measures advocated is anticipated
during the assumed 50-year occonomic life of the proteetive works. The
enhancement benefits previously claimed were based only upon benefits
acceruing from increase in land value. Additional benefits will result
from the incresase in populatien snd the building developments made feasible
by protection of the flood areag, Additionzl benefits will result also
from the prevention of innwmerable other losses which are not susceptible
of direct monetary evaluation. They include serious adverse effects

on the lives and security of the people and communities concerned - poten-

tial loss of life, mental end physical strain, hardship, inconvenience,
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and impeirment of public health. Pollution of wells by flood waters presents
a serious problem even in minor freshets., In the Pawtuxet Valley these
elements of flood experience and apprehension, which may not be evaluated,
determine the utilization, desirability, and future growth of the ares,

and form an additional justification for protective works.

69. ATTITUDE OF LOCAL INTERESTS. - The Director of Public Works of the

State of Rhode Igland and the officials of the towns and cities affected were
consulted to determine the willingnessléfklécal'cémmittees to cooperate in
the wvarious schemes considered. The consensus of opinion was that Scheme 1,
consisting of the Pontiac Diversion and the Clyde Levee, would provide pro-
tection to the greatest possible area and would result in the greatest flood
control benefits to all interests concernsd. It was stated that cooperation
to a reasonable degree, in proportion to the financisl ability of the communi-
ties, might be expected. A special committee was appointed by the Rhode Island
General Assembly to consider flood problems in the Pawbuxet Valley. This
committee has recommended to the General Assembly that steps be taken to
enable the issuance of bonds to an amount net excoeding $350,000, end that
the proceeds be available for local participation if the Federal Government
will construet the Pontiac Diversion Chamnel.
IX¥. CONCLUSIONS

70. Scheme 1, including the Pontiac Diversion and the Clyde Levee, ofw
fers the best Jjustifieble solution of flood problems on the Pawbtuxet River.
As shown in Table XVII, the annual benefits of each component of this scheme
are greater than the annual costs to the Federal Government. For the Pontiaec
Diversion Channel the computed benefits, -and alsoc the unevaluated benefits,
are such as to Justify participation by local interests in the costs of the
improvement. A contribution of 25 percent of the estimated total capital
cost, not to exceed $3L47,500, including the cost of lands, casements, and
rights~of—w&y,‘is considered a fair share for this participation. It is to
the interest of the Federal Govermment to participate in a flood control

program for the Pawtuxet River substantially in sccordance with Scheme 1,
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provided that local interests hold and save the United States free from dam-
ages; give assurance thet they’maintéin and operate the works when finished;
furnish lands, easements, and rights-of-way; and, in the case of the Pontiac
Diversion Charmel, make a eontribution not to exceed $347,500, which will in-
clude phe'cost of lands, easements, and rights-of-way. _In lieu of the con-
tribution of $347,500 for the Pontiac Diversion Chemmnel, local interests
should be permitted to provide the lands, easements, and rights-of-way, et
an estimated cost of $79,000, buiid the necessary bridges for the Pontiac
Diversion Chennel at an estimeted cost of $229,000, and meke a cash contribu-
tion not to exceed $35,500,
X. RECOMMENDATIONS

71. It is recommended that a flood control plan for the Pewbuxet River
be sdopted consisting of lecal protective works at Clyde, Rhode Island, and =
diversion channel from Pontiac to Apponaug Cove, all at an approximate esti-
mated cost of $1,689,000 of which §1,319,500 is the approximate estimated
.cost to the United Stetes for construction. It is further recommended that
no Federal funds be expended upon the proposed plan until locsl interests
give assurance that they will hold and save the United States free from damages
due to the construction works; that they will maintain and operate all the
works after completion in accordance with regulations prescribed by the Sec~
retary of War; that the& will provide the necessary lands, easements, and
rights~of-way for the Clyde Levee at an estimated cost of $22,000; and that
they will contribute 25 percent of the total capital cost of the Pontiac Di-~
version Channel, not to exceed $3L7,500, including the cost of lands, ease-
ments, and rights-of-way, or, in lieu thereof, provide lands, easements, and
rights-of-way, at an estimated cost of $79,000, concurrently construct the
bridges over the diversion chamnel, at an estimated cost of $229,000, and make
a e¢ash eontribution not to exceed $39,500. If suthorized, allotment for the

work should be made in one sum to seoure economical prosecution of the work.

J. 8. Bragdon
Lisut. Col., Corps of Engineers
District Engineer
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SECTION I - POLLUTION

1. Gemeral, - Stream pollution has not been a major problem in
the Pawbuxet River Watershed. It will be of minor importance upon com-
pletion in 1942 of improvements now in progress. Two sewer systems with
adequate treatment plants are now being built, and will serve the two
most heavily populeted and industrialized areas, resulting in removal of
nearly all objectionable wastes from the main river and its principal
tributary, the Pocasset River.

2+ Scope. - This section of the Appendix describes existing sources,
types, and amounts of polluting subsbances; general cﬁnditions along the
various streams of the basin; and remedial measures, underway and proposed.
A detailed field inspsction was made during September 1939 when flows
approximeted the annual low. The air temperature during the inspection
period averaged 70 degrees Fahrenheit, sufficiently high to reveal auy
malodorous conditions. Studies were also made of reports prepared by
other agencies, particularly those of the Rhode Island Board of Purifi-
cation of Waters, and of plans for sewerage sysbems and sewage treabtment
plants being constructed in Cranston snd West Warwick.

%3,  Previous reports. - In 1924 the Board of Purification of Waters

included in their biennial report results of sanitary surveys of the
Pawtuxet and Pocesset Rivers made during 1923. Descriptions given in
these reports,* available at the Board offices, were found to be indica-
tive of present conditions. Although the population of the watershed
has increased in the intervening years, decrsase in industrial activity
has offset added domestic sewage volumes, Siznificant Improvement in |
* "Report of Investigations of the Pellution of Certain Rhode Island
Public Waters during 192% and 192, Presented to the Board of Purifi-

cation of Waters," by the late Stephen DeM. Gage, Sanitary Eangineer,
and Philip C. McGouldrick, Chemist of the Board.



low-water flow also resulted when Scituate Reservoir for Providence water
. supply began operation in 1926. Minimum flow provisions of the act au-
thorizing this development are discussed in Paragraph 13 and Table II of
this section of the Appendix.

lis  Pollution laws.

8. Federal, -~ The Pawbuxet River, while not a navigable
waterway, is tributary to Narragemsett Bey and is therefore subject to
certain of the provisions of the "Laws for the Protection and Preserva-
tion of the Navigeble Waters of the United States" as embodied in the
River and Harbor Act approved March 3, 1899, Public Document No. 238,
68th Congress, lst Session, the "0il Pollution Act of 192," deals
specifically with deposition of oil, primsrily with regard to coastal
navigeble waters.

E: §E§§§:,~ Chapter 125 of the CGeneral Laws, State of Rhede
Island, Revision of 1923, amended by Public Laws 1935, Chapter 2250,
entitled "Of the Pollution of the Waters of the State" describes opera~
tion of pollution control measures for inland waters, including the
Pawbuxet River and its tribubaries. The Division of Purification of
Waters is empowered to investigabe, regulate or prohibit the pollution
of the Statels waters. "The bterm 'nollution' shall be hgld to mean the
entrance or discharge of sewage . . . in such quentity as to cause or
be likely to cause either by itself or in connection with other sewage
so discharged, damage to the public, or to any persons having a right
to use sald waters for boating, fishing or other purposes, or owning
property in, under or bordering upon the same." Section 5 states that
"If any person is polluting the waters of the state, and if after in-
vestigation the division shall so find , . . {it) may enter an order
directing such person to adopt or use or to operate properly some prac-

ticable and reasonably available system to prevent such pollution, having

- -



due regard for the rights and interests of all persons concerned." The
order may specily the particular system or means to be used, and shall
specify the time within which such system or means must be in operatiom.
Penalties for violations are such that each month in which an order is
unheeded may constitube a separate count.

.5. Descripbion of Pawbuxet Besin. - Sce Paragrephs 8 to 11 of

main report, preceding, for location and size, topography, and deserip-
tion of the main streem and its t?ibutaries. Paragraph 13, "Population, "
indicates that about 77 vpercent of the population 1s concentrated in
Cranston and West Warwick, and thot other communities are individually
small and scattered throughout the river wvalleys. Other than the urban
areas, near Ghe mouth of the river and adjoining Providence, population
centers about numerocus mill communities off small area. The sections
inland from the more important river branches are wvery sparsely popu-
lated because of lack of good farming Jands.

6, Domestic sewage. - The 3.3 square miles of Providence which

lie within the Pavrtuxet dralnage basin are served by sanitary sewers
leading to an adequate treatment plant at Fields Point, from which the
effluent discharges into Narragansett Bay. At present there are no other
sizeable sewered areas in the watershed, so that no large wolume of
domestic waste reaches any watercourse through a small number of oub-
falls., As along othor New England streams, there are numerous small
private drains from either individual houses or factoriecs on the river
bank. Most of such outlets arc inconspicucusly located. Certain of the
larger mills heve installed sewerage systems equipped to carry the sani;
tary sewage from both their factory buildings and the adjecent mill homes
through septic tanks and slow sand filters, thence to the river. Para-
graphs 15 & and b of this Appendix describe the sewerage systems and

sewage treatment plants being constructed in West Warwick and Cranston.

“ 3 -



Nearly all of the numerous villages in the Pawbuxet Watershed depend on
antiquated sanitary facilities such as outhouses, cesspools, and septic
tanks. The only item in favor of these three disposal methods is the
fact that in most cases the facilities are located not directly on a
watercourse, so that while contributing to the local problem of ground-
viater pollubtion they do not add to the more general problem of stream
pollution. Septic tanks when properly serviced and not overloaded are
satisfactory. Few chemical toilets are inm use in this vieinity.

Te Industrial wastes.

E.' State activity. =« According to reports of the Rhode Island

Board of Purificetion of Waters, there is a commendable disposition on
the part of manufecturers to aid in elimination of pollution caused by
their processing wastes, BSeveral such concerns have already installed
treatment plants and others are contemplating construetion of purifica-
tion systems. Most private concerns, however, are in the economic posi-
tion of being obliged to weit until municipal sewerage facilities are
furnished to teke care of their industrial wastes. The Rhode Island
Board has mede surveys snd prepared reports on the treatment of wastes

of several concerns, and the daba obtained are available to sanitery
advisers of the various plants. In other instances, pians prepared by
manufacturers are submitted tec the Board for consideration and report,

to protect the interest of the public. In Sephember 1939 the Rhode Island
State Planning Board started a pollubtion ababement report project for the
Blackstone River. Since industrial processes and wastes in the latter
stream are of similar nature to those in the Pawbuxet, certain benefits
in the way of improved treatment methods may be derived from the chemical
reéearch to be included in the project.

b. Type of manufacturing wastes. - The Pawtuxet River, being

highly developed industrially, must accommodete large volumes of plant

-l -



wastes, chiefly textile. Discharge from textile mills is generally alka-
line, dilute, and containing much spent dye coloration. Turbidity is
generally heavy and persists not far below its origin. Most textile
processing is done in batches and not in continuous operation, so that
conditions below any one plant are variable from time to time with
respect to wvolume, concentration, color, turbidiﬁy, and odor. Odors
present are generally not as objectionable as in sanitery sewage but

are often strongly ammomiacal. Most dye rinses are exceedingly dilute
and carry very light coloration. The economics of textile processing
prohibits the dumping of strong batches of unused dye solutions., A
nitigating factor in the disposal of dye wasbtes in streams is their
germicidal action. The latter is often trus in the case of textile
bleaches which contain nascent chlorine or oxygen as do many waber
purifiers such as chloride of lime. Very dilute acid solutions are used
for "stripping", the removal of color ffom fabrics. The dyexs used in
modern textile plemts are principally synthetic organic derivatives of
sniline, These compounds are highly cemplex, stable, and not readily
affected by other rsegents present. During the field inspection, fish
were found swimming in the lmmediate vieinity of some of the textile
finishing plants which were at the time discharging wastes into the
stream. Unlike other southern New England river wvalleys, there ars few
metal industries, and therefore acid wastes are not present to any
marked degree, Yo importent sources of pickling acids or electroplating
wastes could be found in the Pawbuxet Basin. Small patches of oil were -
found on the streams nesr several of the industrial plants, but in no
case was the pollution from this source considered of major importance.
Suspended sclids, objectionable in sppearance and of industrial origin,
were noted at only one plent. Here the wastes were so bulky that they
floated on the surface in large masses, but did not move with the cu}rent,

and the river was clear a few hundred feet downstresai.
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8. TWater snalysis. - The State of Rhode Island in 192 collected

and analyzed river samples from seven points along the Pawbuxet River

and its brenches. The monthly results were averaged to give the summary

in Table I.
TABLE I
WATER ANALYSIS - PAWIUXET RIVER ~ 1924
FPigures given are averages of monthly values
Chemical Components in Parts per Million
By
fae] EL) 0
et <
< W = 2] ol @
§ g (o] g g ® -~ [ ol © '3
£ E o E &t R 0 & ~ 3
par £ B o 0 9 & &b d
Station NEIN I = [ S e ox <t D)
North Branch
at Hope 120 027 A 37, 13, 1.05 0.65 2.8
North Branch .
at Clyde .155 023 17 30, 13. 0.96 0.73 3.2
Southwest Branch
at Washington A8 J0h48 .18 L2, 16, 0.78  1.10 3.6
Southwest Branch
at Rivermoini L1700 L0080 20 19, 17. 0.92 1.11  L.7
Pawtuxet River
at Natick 155 0 L052 L2251, 20,  1.13 1,20 L.7
Pawbuxet River
at Pettaconsett 262,057 W20 51,  17. 1.38  1.08 1.8
Pawtwret River :
at Warwick Avenue | .200 .O77 .21 6. 2l 1.63 1,75 6.3

‘The analytical results show a similer trend with regerd to most of the
constituents determined. The North Branch is less polluted then the
Southwest. Howviever, waters of the latter have a lesser degree of hard-
ness. The Pawtuxet, because of population distribution, receives its
greatest degree of wastes in the lower reaches. Here again the situation
will be smeliorated by projecté under construction. Differences in the

two branches may be ettributed to the character of the watershed and the
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storage ponds tlhereon. Some sanitary benefit results {rom the large
amounts of oxygzen mede available through the wvagetal growths present
in the stream along most of its length. Numerous swamps act as settling
basins, and in somc cases are of sufficiont density to serve as natural
filters.

Q. Periodic trend., - Prior to the ubilization of the upper reaches

of the North Branch for its water supply in 1926, the City of Providence
naintained ot Pebttaconsett on the lower Pawbuwel River » station which
pumped and filtered river water for muwmiecivnal use. From 1900 to 1925,
periodic samnling of the intake water was undertaken by the Stabe Board
of Health. Results of the analyses furnish an index of the quality of
the water with respeet to time, as corrections were applied to account
for the varying flow depending on rainfall. Varietions in business and
industrial conditions have & marked effect on the amounts of industrial
pollution discherged into the river., In general, a comparison of the
results of analvses from 1900 to 192 indicates a gradual increase of
pollution, as judged from the free and alburineid ammonia and nitretes,
but the total solids and loss on ignition indicate the contrary.

10« Seasonal variations, - Results of dissolved-oxygen determina-

tions indicated that the river upstrsem of Pettaconsett is nearly slways
above the safe minimum for oxygen content. From Hope to Clyde and be-
tween Washington and Riverpoint, there is only & slight decrease in
oxygen content. Below these points to Neticl there is a 5 to 1B pera

cent decrease during the summeor and fall scason. During the swmmer, the
oxypen conmcent is lower alb Pettaconmsett than at Natick, due to menufac-
turing wastes entering this reach. At Clyde, the large textile plant

will discharge its wastes into the new West Warvick sower systom. Secasonal
variations in dlszolved-oxygen content were investigated by the State

Board of Health and feund to be slight, with the worst conditions prevail-
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ing gemerally in July and August. The Pocasset River at Pontiac Avenue
in Cranston shows at times an almost complete depletion of dissolved
oxygen, oreating objectionable odors along its lower course. Completion
of the new Cranston sewer will entirely rcmedy this situation.

1l. Refuse and garbage. - Several small dumping grounds are located

along the stream banks below high-weter levels, While not important
sources of stream pollution, any general waterway improvement program
should consider these. No parbage dumps or piggeries were found to be
located near the Pawbuxet River or its tributaries.

12. Sanitery conditions along streams of the Pawbtuxet River Water-

shed, = The following findings are based largely on the field inspection
of September 7, 1939, and are described in downstreem sequence by rivers
and towms.

13. FHorth Bremch. - The larger portion of this wetershed, serving

as the source of the municipal water supply for Providence, is of an sx-
cellent standerd of sanitation. Regular water supply company restric-
tiong prevall to prevent contamination. Above Kent Dam there are no
knovm sources of streem pollution. The Providence Department of Public
Works, in its operation of Scituate Reservoir, 1s governed by several
minimum fldw'requirements. Table II, following, lists these limitations:
TABLE IT
Requirement Ho., 1

MINIMUM FLOW IN MILLICN GALLONS

Scituste Arkwright Dam Clyde
Weekdays 0.5 5.0 -
Sunday 0.5 - -
Weekly - - 72.0

Note: If the above minimum discharges were con-
gsidersd to be maintained wmiformly over the
entire period, the flow computed in c.f.s.
would be:
005 m.g.d. = Ot?? c.f.s-
6.0 m.g.d. 9.28 c.fes,
72.0 Mm.goAvk, = 15.9 c.f.s.

f

i

dowever, no specification is included as to
instentaneous minimum Llow.
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Requirement HNo. 2
70 m.g.d. minus Daily Consumption (27 m.g.d. in 1935)

MUST BE DISCHARGED, EXCEPT IF RESEAVOIR IS NOT FULL
0¥ JUME lst, and wntil filled - = -

65 m.g.d. minus Daily Consumption ¥UST BE DISCHARGED.
From Table II it may be computed that the mean deily minimum flow, based
on the 1935 water consumption, is 79,000,000 - 27,000,000 66,5 coflus.

40 x 86,400
Since estimated population incresses have not teken place in the Provi-

dence area in the past decade, it is safe to assume that water consump-
tion will increase only slightly as other outlying communities are tied
in to the weter supply system. Therefore, based on present population
trends, sultable minimum flow is assured. The consbtruction of trestmont
plants in the meantime will more than off'set any possible flow reduc-
tion. Deseription of the streoam by commumitics follows:

Hope, ~ River clear. Little flow (% T c¢.f.s.) below dam. About
90 ¢ofuse In mill canal., Small outcfall at texbile plant.
Outhouses and cesspools ab mill houses.

dackson. - River c¢lear. One laundry discharging clear water into
stream through tailrece.

Fiskeville. ~ River clear and clean in appearance at gaging statiomn.
Flow at time of inspection was 98 c.fus., or slightly
less than 1 c.f.5./sqemls of the 101.,6 square miles gaged.

Arkwright. ~ River and banks clean below textile finishing plawt;
fish in river. In canal below plant sbout 8 e¢.f.s5. of
flow, odorless, turbid, and slightly red in color,
probably from a Turkey Red dye. Canal reaches river
about 30C feet downstream after passing Through a dirty
swamp. Discharge from the marsh was turbid and con-
teined floating oil and scum in smell quantities,

Harris. - Grav, turbid discharge from dyehouse on right banlk. ¥No
' objectionable effluent visihle from large textile plant
on opposite bank. Good flow and some rapids in river
below mills. No odor.

Phenix. - River wvery turbid at headwsbter ol dem below Phenix Center.
Humerous small outfalls pressnt. Some chemical odor.
Woter probably neutrel as evidenced by presence of polli-
WOES




Clyde. - Large texbtile mill not operating at Time of inspection.
Water clear, but stream-bed rust-colored. Evidence that
industrial wastes are discharged normelly. Below Clyde,
river has good flow, slight degree of turbidity, some odor.

Riverpoint. - Gray turbidity in stream below textile mill. Some sus-
pended solids present. Little flow at tailrace,

14 Southwest Branch, - Below Flat River Reservoir dam, about 90

percents of the fall is developed in s series of small mill dams. Sani-

tary conditions on the stream are improved by the large amount of regula-

tion afforded by storage provided by numerous ponds and reserveirs in
series with Flat River Reservoir. The flow is regulated entirely for

the benefit oif dovmstream plant owners belonging to the Quidnick Re;er-

voir Company, which operates the storage reservoirs on the Southwest

Branch. Unlike the Scituate development, there are no public guarantees

regarding lov-trater flow. With the excepbion of a small dyeing establish-

ment far upstrean at Coventry, there are no possible pollution sources
above the community of Washingbon. Descriptions of stream conditions in
dovmstream order follow:

Washington. - River clear at dam except for slight amber coloration,
probably of algal origin, Discharge approximately 100
cefss. at time of inspection. One small-sized outfall
seen,

Anthony. - River in same condition as al Washington. Rapids below
dam provide beneficial aeration.

Quidnick. - Walter above dam clear. Naturzl pool in river at New Yorlk,
Hew Hoven, and Hartford Rallrosd bridge used for swimming.
Dyeviorks not discharging wastes. Cesspools used at mill
houses.

NOTZ: All mills ond communibies farther dovmstream on the Southwest
Branch are included in the area served by the West Warwick projcet
now under construction.

Crompton. - The textile mill and mill houses here are served by a
treatment plant consisting of & large septic tank and sand
filters, the effluent discharging into the river. On the

left bank opposite the textile plant 1s located a small
chemical factory, to which no discharge was traceable. 1In
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the tallwater of the textile mill, conditions were probea-
bly more offensive than at any other point in the entire
watershed, except possibly Cravford Brook and Pocasset
River, seq. The water contained concentrated purple or
indigo dye coloration, and had no perceptible flow. Sani-
tary sewage, oil blotches, and a hesovy, viscous, tan and
gray-colored foam about 1/2 inch thick were floating. At
the highway bridge on the mein river a short distance be-
low, only the purple dye was evident. The river was more
of fernnsive to the sight than to the =mell, It was not ap-
parent why this material was by-passing the treabment
nlant, which appeared to be in working order.

Crawford Brook. - Intering the Southwest Branch a few miles below Crompton

s bhe highly-polluted, slow-flowing Crewford Brook. Its

uriace was covered with a heavy scum and much wvegetation

of a mossy variety. The chief difficulty seems to center

around the stagnant character of the stream, which in

scime places resembles an open sewer and in cthers a marshy

settling basin. Nost of the sewage originates in Center-

ville, which will be included in the West Warwick sewer.

e b

[%]

Arctic, -~ At the dyeworks a few miles upstream of Arctic, the river
' is very turbid, pink or brown in coler, with a flow of
about 100 c.f.s. Some suspended solids were evident.
Vegetation in the stresm, consisting chiefly of weeds,
was coated with slime, Some oil £ilm was present both
on the forebay and on the bailwwber of the dam.

Riverpoint. - (Upstream from confluence with North Branch.) No pollu-
- tion was noticeable at the soapn factory. Above this

nlant the stream was turbid and had an ammoniscal odor.
Two textile mills were discherging industrial wastes into
the river, which is 75 feet wide at this point. One 6-
inch pipe, flowing L/lO full, vas imparting color to the
entire stream. 4 thin oil film extended from the left
banlk to mid-river. There were several O-inch drains and
one %-foot-square outfall, Mill homes upstream hed out-
hovzes.

15. Pawtuxet River, = Since the two sewsge treatment plants now be-

iy B ke B Y i Bk et gty

ing bullt will largely eradicate existing sanitation problems on the

Pawbuxet, their descriptions are given here.

g, West Warwick project. - At present there is no sewerage

system in the town, which has a population of about 18,000, The South-
west Branch enters the soubthwestern part of +the town, whence it flows in

& northerly dirccbion to its confluence with the North Branch at mile 10,6,
from which point the river flows casterly forming the West Warwick-Warwicl

Tovm linc. There is a large volume of industrial wasbe, especially from
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the textile plant at Clyde, which uses more water than the remainder of
the town. In these wastes are some objectionaﬁle chemical substances
which it msy be found necessary to treat because of their concentration,
before emtrance into the sewers., In most cases the industrial plant ef-
fluents are not judged to be particularly high in chemical content. o
difficulties are anticipated from laundry wastes, which are ncegligible
when compared to the vast quantities'of dilute wash wabter discharged
from the textile plants. The engineers in charge of the construction,
having also handled most of the water supply problems for the towm, arc
well acquainted with the quantities of industrial wastes from the water
usage figures.

(1) fThe sewer main will pursue the following course:
starting in the scuvthwestern corner of the tovm along a brook, it will
parallel thisz stream %o the Southwest Branch of the Pawtuxet near
Crompton, cross the river, extend northerly paralleling the stream %o
Riverpoint, ~vhere it will again cross the river paralleling the Paw-
tuxet River to a point wesberly of Natiek, where another crossing will
be made to the site of the treatment plant, which will be at the extreme
northeasterly corner of the town, to the west of the railroad and just
north of the Pawbtuxet River. The site is in lowlands which were inundabed
to a denth of 5 or & feet in the flood of July 19%8. However, the strue-
tures as designed will be waterproof, sufficiently hesvy to resist flost-
ing, and above any recorded high-water elevaticons. They will be able
to function properly during a flood similer to that of July 19%8. The
plant, which is to be of the "activated gludge" type, is to comprise the
following steps: (1) preliminary sedimentation; (2) aeration; (3) final
sedimentation; (1) heated sludge digestion; and (5) chlorinetion of efflu-
ent. It is nlanned to use the sludge for £ill in the low-lying area ad-

Jacent to the piant.



(2) The estimated quantity of waste to be treated is
1,500,000 gallons per day, although the design capacity is abéut 3,000,000
gallons per day. UThe area to be sewered incliudes almost 100 percent: of
the town of West Warwick, omitting only very small areas where sewers are
not economically justified, Provisions are also to bo made for possible
expansion by including westes from areas farther upstream along the South-
west end North Branches of the Pawtuxet River in the vicinities of Quid-
nick, Anthony, Harris, Fiskeville, and Arkwright. Also it is hoped to be
able to accomrodate the badly polluted water of Crawford Brook which,
originating in Coventry township, enters the Southwest Branch of the
Pawtuxet a few miles upsiream of Arctic. The sewerage system will not
be used wmtil the treatment plant is in complete roadiness to accommo-
date the wastes therefrom,

b. Cranston project. - The plant, construction of which was

—

begun in June 1939, was scheduled to be completed by the Work Projects
Administration in four years, but-working schedules have been increased
recently to e point indicabing completion during the summer or fall of
1942, The system will comsist of a sanitary sewer with an "activated
sludge"” type treatment plant with a capacity of 8 to 9 million gallons
per day. A olan®t of this size will care for 50 percent’ of the city's
ares ond 85 percentt of the populaﬁion, which was Ll,500 in 1930+ Only
the outlying rurael seotions will not be taken care of by the system. If
desired, the cagueity may later be inereased to incluvde the village of
Thornton. The sewerage system will contain 87 miles of mains, 3-1/2
miles of force mains, and 9 pumping statioﬁs. The treatment process
will involve sedimentation, oxidization by aeration, sludge digestion,
sludge dryinz and burning.,

{1} The approximate traverse of the sewer has been traced

on a map and ig generally as follows: paralleling the Providence-Cranston
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City line, following in a counter-clockwise direction to the Johnston-
Crangton Tovm linc tarougn Thornton, westerly to Meshanticut Brook,
crossing the Hew York, Wew Haven, and Hartford Rallroad, flowing easterly
around Socksnossel Reservoir, whence it flows southeasterly to the treat-
ment plant {exact location not yet determined) near the Qld Pettaconsett
punping station on the Pawbuxet River, Among the comnunities included
in this area are those of Cranston, Xnightsville, Wayland, Auburn, and
Edgewood. The sewerage system will be most complete in the populsated
zonéladjoining Providence and will eliminste all direct outfalls on
Narraganset?s Bay. t may later be Found Jjustifiable bo inelude in the
sewered area compunities in Johnston, sueh as Simmonsville, Hughesdale,
and Morpgan Mills.

c. Following is a desoription of stream conditions along the
Pawtuxet as revealed in fileld inspection of September 7, 19359

Twin Bridges. - Stream bottom visible to two~foolt depths. Wo odor. No
outTalls found.

Natick. - A% the bridge above Netiek, the river was slightly tur-
bid, odorless, and had sufficient flow. A rubbish dump
vas found on the right bank upstream. At Natick, bthe
large mill is now idle and being liguidated. The stream
is clear and conboins much vegetel growbh. Some storm
severs, a small metal dump, and many outhouszes were found
on the river banlk,

Meshanticutb
Brook. « Tater at mouth clear with little Llow.

Pontiac.~- At dam sbove textile finishing plant, river was slightly
TTTTTTT turbid with small oil patehcs presenmt. The mill pond hud
heavy plan®t growth, including pend lilies. About twenty
outfalls, varying from 3 to 18 inches in diameter, were
found, One 18-inch iron pipe, flowing about one-fourth
full, was discharging reddish dye water. A l-inch pipe
wag emitting what appeared to be a dichromate selution.
Waste from the plant, which «t present employs about 300
hands, discharges into the river, which was turbid dovm-
stream,
0ld Pettacon-
sett pumplap
stecion. - The sbendoned bridpe here constibutes a streem obstruction
““- with some damming action causcd by lumber and fallen trees.
M 0ll £ilm extonds across the strecam. Below the bridge
the strecam is clecar with the bothtom visible,
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Pocasset River., ~ This tributary, 10.4 miles in length, rises in the town of

Johngton, flows southeasterly through Hughesdale, Thornten,
and Cranston, flowing into the Pawbtuxet below Pettaconsett.
Sumner flow is usually aboub 20 ¢.f.s. Velocities are gen-
erally low although there are occasional reaches of swift
water. Above Hughesdale the arce is largely rural with no
direct pollution. At Morgen Mills some pollution enbers
in the form of overflow from sepbic tanks, A% Thornton,
the stream was clear ab the Plainfield Street bridge.
Deposition of rubbish on stream banks was evident. From
this point the river flows through open counbry to Print
‘Works Pond, after receiving outflow from two controlled
storage ponds (Rendalls and Dyers Ponds). The only major
scurce of pollution is the print works. Here the stream
was gray in color, very turbid, and possessing the odor

of strong alkaline soeps. A four~foot masonry outfall was
dischzrging a smell volume of brown-colored waste, and

some oll was present. The discoloration from the print
works was evident for the entire disbance to the river
mouth., Qdor becomes gradually less below Cranston center.
At Reservoir Avenue the stream is very dirty and heavy
with grey suspended watter, some of which is deposited on
the banks. About 2000 fest above the mouth the flow was
about 25 c¢.f.5., no odor was apparent, and no deposition
wes taking place.

Cranston. -~ The lower reaches of the main river are heavily populated
and industrialized. No large sources of industrial pollu~
tion wers found, aithough some small outfalls were in uss.
Severel of the sbreets in this vieinity have storm-vwmber
drains leading to the ncaresi watercourse. In the viecinity
of Bread Strect many privabte scewer drains now lead dircetly
To Pawbuxob Cove.

16. Summary.

P L -

a.  The pollution problem in the headwaters of the Pawbuxet
River Watersied is minor because of the follewing conditions:
(1) Scarcity of population and lack of industries.
{2) Use of North Branch for municipsl water supply.
{3) Use of Southwest Branch for conservabion.
b. The two greatest sources of pollution exist in Cranston

and West Warwick. These will be éntirely sbated by 1942 by construction

now in progress.

jo

] A suitable minimum flow is being mainbained in both branches.
de Certain industrial plants ere at present causing stream

poliution. Where these concerns will not be served by municipal projects

- 15 -



now uvnder construction, remedial measures must be underteken at the plants.
The Rhodé Island Board of Purification of Waters cooperates with manufac~
turers by providing advisory service to help solve pollution problems af-~
feeting public interests. No rigid rules for eliminating or reducing the
contamination of waterways by industry can be formulated when it is
realized thet much depends on the economic resources of each manufacturing
establishment.

17 Reroumsrdations.

e M A s M ey et

B Poliuvtion abatement in the Pawbuxet River Wetershed camot
be economically extended by use of dilution methods,. Redﬁction in hard-
ness by dilution is not justified, since the water is now sufficiently
soft., Ne additional storage te increase low-waber flow is recommended.

b, At the State Institutions at Sockenosset, where construc-
tion of a sewsge treatment plant has been initiated but not completed
due %o insufficient funds, it is recommendcd that plans be amended so
thet sewage may cubter the Cranston sowoer.

©o It is recommended that, os economic conditlons permit,
the sewers now wder construction be extended to include Thormton in
the town of Johnston, areas along Crawford Brook in the towmship of
Coventry, and villages upstream along the North and Southwest Branches
of the Pewiburet.River,

d. Conditions at Crompton should be improved so that a greater
portion of ths objectionable sanitary end industrial wastes will go through
the existing treabment nlant.

es  As new rosearch developments progross and economically
sound methods are found for treating industrial wastes, measures should
bo taken to encourapge thoeir use, perticulerly ot plants so isolated as

not te be included in sowered zoncs. In some instencos the developmont

of wvaluable by-products moy follovr.
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. “he practice of locating refuse dumps on stream banks,

It

below high-vater level, should be discontinued.
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SECTION II - DETAILED RESTIMATES AWD COSTS

GENERAL

1. Scope. - Several methods of flood control for the Pewbuxet
River have been considered in the main body of this report. Those con-
sidered worthy of further study have been grouped into four schemes and
the costs and benefits of each plan comprising these schemes have been
studied in detail. Section II of the Appondix explains the design and
cost estimstes of each plan included in the four schemes, namely, Clyds
Levee,'Warﬁick Levee, Cranston lLevee, Broad Street Improvement, Cranston
Cut=off, and Ponbiac Divérsion, and one plan not included in the four
schemes, namely, Washington Reservoir. The locations of the above plans

are shown on Plate 1 of the Appendix.

2 Data available for survey. - Topographical features have been
mapped by the plane-table method at the sites of the proposed projects
wherever suitable maps were not obtainable from other sources. At the
Weshington Dam site, the survey was limited to sections along the axis
of the dam and Mike, and river profiles. Subsurface conditions at the
levee sites have been explored by core and auger borings. The soil
semples have been snelyzed in the Distriet Soils Laboratory. At the
Washington Dam site subsurface invostigations were not considered nec-
essary, as visual inspection disclosed suitable ledge for the foundation
of h&draulic structures dnd exposzd banks revealed the nature of the
meterials in the glacial depositions at the sites Borings and seisﬁic
determinations of the location of bed-rock have been made ot the proposed
site of the Pontiac Diversion. At 2ll sites the data available have been
adequatc to complete a safo and ceconomicol preliminary dosigne

%5« Dasis of estimats. « The costs of the projcets have beon esti-

moted upon the basis of a design which would provide the most cconomical
and safe construction for the particular sitcs Estimatos of quantitics

have been made upon the basis of the not ontlines of the adopted design
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and feoundation requirements.

L Unit prices. ~ Unit prices have been based upon construction
gost for similar types of work now in progress in New Englond with due
consideration for the method of construction, and the aveilability and
location of moterials ot each site. Informabtion on the cost of the
several highway bridges proposed over the Pontiae Diversion and for the
enlargement of the Broad Street Bridge has been obtained from the Highwoy
Department of the State of Rhode Islond,

5« Contingencies, engineering and overheads = The construction

costs nove been increased by 20 percent to cover contingencies ontiei-

pated because of the preliminary character of the survey dafa, founda~-

tion explorations, and design and construction difficulfies. Ingineer=
ing and overhead have been estimated at 15 percont of the construction

costs.

6.  Rights-of-woy ond domagos. - The estimated costs of rights-

of-way end the estincted dawmcges which would acecrue by recson of cequisi-
tion of lands and construction of the projects have been bused upon
information secured from local officicls, upon assessed valucs, znd upon
field reconnaissance. Land takings would include the sites, adjreont
borrow and spoil areas necessary to exscute the work, and, in the casc
of the Washington Reservoir, the rescrvoir arca. fThe spillway of
Washington Reservoir would be overtopped only by floods of rarc occur-
rence and it has not beon considsred nceessary to purchase land in the
rogervoir area above the olevotion of the spiilway crosbe Domuges ine
clude the severancc of lond and the demeolition or cost of moving exist-
ing improvemonts in the affected arens A facbor of 20 percont has boa
added for legnl costs, costs of acquisition, ~nd genorai éxpcnsc.

7o  Highway, railroad cnd utiliby rolocation.- Plons for roloca=

tion of the highwnys and reilroads involved have been buased on the

rosults of field recomnaoissance and the use of oxisting mops ond profiles.
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Existing facilities have beon reproduced and the existing standards of
construction of the affccted utilities would be maintained as for os
possible. In view of the preliminary nature of the studies and tho
cpproximate datoa aveiloble for quontity computobions, contingencics on
railroad and highwoy relocations have boon estimated ot 15 percent,
and enginesring ot 10 perconte

3e Basis of annual costs. =~ Federal and non-Federal ammual costs

have been computed at the interest ond emortization rates authorized by
letter from the Chief of Ingineers dated August 1L, 1939 The Federal
interest rate is 3~1/2 percent ond amortization is 3-1/2 percent,
compounded armually. Interest during construction at 3 percent por
onnum for one~half the cost has been added tc the Federal investments
wherever the congtruction poriod is estimated at 2 or more years. None
Federal rates aro 4=1/2 percent for osch of the above items. Federal
onnual costs include interest and amortization of tho total Federal
investment. The non-Federal ammual costs includo, in addition to in=
teorost end amortization of the non«Federal investment, tax loss com-
puted at 2 percent per annum. Annual exponditures for operation and
maintononce of the lovee projocts and the Pontisc Diversion will be borne
by non-Federal inﬁerests. The distribubion of Fedorel and non-Fedoral
first costs, the usoful life of the structures, ond the maintonance ond
operation costs of the several projects arc discussed in morc dotail in

the following pages undor the project concornede

WASHINGTON RESERVOIR

9.  Gonerals - Washington Dam would be located on the Southwest
Branch of the Pawtuxet.Riﬁer near Washiﬁgton, Re I+ The reservoir areea
would include all of the existing Flat River Roservoir and o large
additional ared in the Mishmock River Valloy. It would have a drainage

area of 6149 square miles and has been designed to provide a storage
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capacity equal te six inches of run~off from this area or 19,800-acre-

feet, It would furnish s measure of flood protection to the Southwest

Branch below the dam, and to the main stem of the Pawbuxet River to its
mouth.e

10, Highways. = State Highways Hos. 5 snd 117 are the principally
traveled arteries through the proposed reservoir area. The former is
o four-lane concrete highway in the vicinity of the proposed dike
the pavement changing to the dusl type, i.e., a 2=foot bituminous
center with a 12-foot conerete lene on each side, a short distence west
of the aforementioned dike, Thisz road is one of the principal
theroughfares bebtween Providence, R, I., ind New London, Conn, State
Highway Ho. 117 is o two-lene bituminous surfaced rosd erossing the
axis of the main dem in the vieinity of the Town of Washington, R. I.
It is o secondary road, extending in a general casterly and westerly
direction.

11, Reilroad. - The single trock railroad which would be affected
by the proposed reservoir is & branch line of the New York, Hew Hawven,
and Hartford Rallroad. At the present Hime it is used solely for
freight scrvice,

12, Other public works. = The How Englend Power & Light Compeny

hes o L=wire distribution line which would cross the axis of the main
dam, There is also a Z22-wire telephonc line of the Hew England Telo-
phone & Tclegraph Compsny in this loeality. Where the proposed dike
would cross Hirhwoy No. 3, therc is 2 joint line of the two companics
carrying two power wires snd six telephone wires, It would.be necs=
essary to rclocoate approximately two miles of these pole lincs.

134 Dam, = A layout of the dam =md appurtenant works is shown
on Plate 2 of the Appendix,

as Geology. ~ Ledge rock oscurs above the right abutment

and clong the right bank below the site, The left abutment would be
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formed in glacial deposits of sand and gravel,.

b. Aveilable materisls, - Sand and grovel, suitable for con-

crote aggregates, are available in the glacinl doposits ncar the site.
Pervious meterials are available within 0,5 mile, and impervious mate-
rials within 1 mile,

¢, Dam ond appurtenant works, = The dam, of rolled~fill carth

construction with o rolled-fill earth Jike, would be lecated across
‘the Southwest Branch of the Powtuxot River. The dike would closc the
gap ot the rim of thc reservolr locricd southeast of the dam at State
Highwoy No. 3, 1,000 feet cost of Mishnock River, A conecrcte gravity
overflow and gate scetion would bhe located on the nxis of the dom
between tho right abutment ond the bank of the river. The total length
of the dam would bhe 2.500 feot, 2,100 feet being earvh £ill with o top
clevetion of 267.5 feet above mean sea lovel, L7 fout above the stroam
bed. The ‘dike would also be built to this elevatiom. Its length
would be 1,650 feet, and the moximum height would be 23 feet, The top
elevation would provide a surchorge of 10 fcobt, with 5 fect of frec-
board.

de Embonkmoent, - The rolled-fill carth dsm would have a top
width of 20 feet, It would comsist of on impervious core within o rone-
dom-fill section. The impervious core would cxtend from top to bottom,
and would be keyed into the existing ground with o cut-off scotion 5
feet deep along the axis of the fill, 35ide slopes of the core would be
5 vertical on 1 horizontal and the outside slopes of the dam would be
1 oﬁ 3+ Rock would be dumped on the upstroam face of the dam and in tho
toe drain, The right cmbanlment would end at o conecrete retaining wall
at the gate scetiom, The dike wouid have a crowm width of 10 fect
ond sidc slopes not steeper than 1 on 2, The rondom soection would have
an impcrvious blanket protected against wave action by riprip.

Ce Spillway, ~ The spillway, a solid concretc overflow scetion,
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2h5 feot long, would be built on lodge rock. Its erest clevation would
be 252,5 feot above mean sen level, and the discharge capacity, undor
o 10=-foot surcharge, would be 24,000 cubic foct per sceond, or the
eguivalent of 388 cubic foct pér gocond per squars mile of droinnge
orca. The geto scetiom would be locatod ot the left end of the spillway.
At the right end of the spillway o short non-overflow scetion of con-
erete would commect it to the right obutment.

fo Outlot. - Four outlet conduits would bo provided through
the basc of the gate scction. ‘Each of the conduits would be provided
with o gate 3 foot by L feet, oporobed by hydroulical cylinders placed
in s gellery sbove the gotes, Above the outlet conduita, two mochon-
ically operated Stoney gotes, 9 fect wide, would cnsure flood storage
above clevation 2&3.7 fect, mean sen level,

g« Conscrvation storago, -~ Consorvation storage equivalent

to the oxisbing storage in the Flat Rivor Rescrvoir, which lics wholly
within the reservoir of the proposed dam, would be provided., The
oxisting storage is essential 4o the industrial establishments downe
stream for both wober power and industrial uscs, amd theo elimination
of these water rights would involve large damage claims, Flood stor-
age would be provided above elevation 243,7 feet, mean sca level,

h, Estimato of cost. -~ The Federal investment would include

the construction cost of the dam, the cost of lands and damoges, and

the relocotion of highwoys, reilrond, ond public utility lincs, Thore
would be no non-Federal investment. The project would be amortized in
£ifty yoors, with the excepticn of conercte end gate costs which would'
bo omortized at 1 and 3 percent por anmum, rospeetively. The annual
chergo of $3,500 would be mnde for goneral overheed ond maintenonce

of the dam. Meintencnce of conercte structurcs and goate oquipment has
been computed at 1 and 3 pereent, respeetively, Operction oxpenscs have

not boon included bocause the prescut operation of the Flat River
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Reservoir would be transferred to the new site, The estimated costs of

the Washington Dam are given in the following table:

Cost Estimate for Washington Reservoir

. e o

Item Tnit
Ho, Item Quantity c¢ost Amount Total

1, Construction cost

Clearing 500 acres @ 50400 3§ 25,000
Stream control o Lie S 1,000
Stripping 12,500 ¢, y. (.50 6,200
Excavation, common 12,700 ca e U4 50 3,800
Execavation, rock 1,340 ¢. Ve 3400 1, 000
Pervious borrow 138,700 c. ¥ 0,35 13,500
Impervious borrow 15,800 ¢, v, Ue B0 7, GO0
Placing embankment 154, 500 c. V. 0,10 15,400
Riprap, dumped 15,500 ¢c. y. 200 31,000
Toe drain, rock’ 1,800 1, f, 7460 13,700
Tne drain, gravel 1,650 1. f, 3420 5,300
Concrete, Closs A 920 ¢, Yo 15450 11y, 300
Conerete, Closs B, 5,020 co s 12,00 60, 200
Reinforcing steel 92,000 1bs, 0,05 L, 600
Gotes =nd nechinery Lia Se 10,700
Gotechouse and miscellanecus LeS. 5, 000
256,600
Contingencics 20% 51,300
Engineering 15% 46,100
Total $ 351,000
2. Relocotion of reilroads and utilities
Single track roilroad,
branch line 2,36 mi, L.S. 91,000
Telophone lines 2,0 mi, L.S. 1,?00
42,200
Contingencies 15% 13,800
) l(/g:' L 006
Engineering wnd overhead 10% 11,000
Totul 117,000
¢ Rights~ofwway and lond
Land L.Se 107,300
Improvements LoSe 142,700
Cemetery relocation LoSe 86, 000
, 5)6,‘666.
Legal, overhead, ond general expense 2044 67,000,
Total 103,000,
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L.

Bighwey relocation

I8 ft. Dual-type State highway 0.63 mi, "L.S. § 80,400
18 ft. Bit.-mac. State highway lei mi. L.S, 186,500
206,900
Contingencies 15% 21,1Q0
238,000
Engineering and overhead 10% 2y, 000
Total
Grand total capltal cost
Total ammual cost
COST
(2) Federsl investment T
Construction cost $256,600 by 1,38 §250,000
Railroed & utilities relocation 592,200
by 1.27 117,000
Highway relocation $205,900 by 1.27 262,000
Rights-of-way end damege $3%6,000 by 1.20 140%,000
Interest during construection #1,1%6,000
by .03 by 2 by 1/2 3L, 000
Total Federal investment 1,170,000
(v} Federal amnual carrying chorge
Interest $1,170,000 by o035 140,950
Amortization of obsolescence and desprecia-
tion:
Farth embankment $161,300 by 1.3C by 1.03
by 0076 1,750
Conerete $79,100 by 1.36 by 1.0% by .01 1,1%0
Gates and machinery $15,700 by 1.38 by 1.03
by 03 670

Rallroad, utility, - and

highway relocation $299,100 by 1,27 by 1.03%

by 0076 2,970
Rights-of~way and damage at $336,000 by 1.20
by 1.03 by ,0076 3,160

Maintenance and operation
Dam
Conerete $79,100 by 1438 by «0l

Gates and machinery §15,700 by 1.%8 by 0%

Total Federal annual carrying charge

{c) Non-Federal investmont
' {None )

(@) Non-Federal annual carrying charge
Loss of tax #250,000 by .02

Total non~Federal annual carrying charge

Total annual cosh
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35500
1,000
650

5,000

$ 262,000

+1,1%6,000

TOTAL

55,870

5,000

60,870



CLYDE LEVEE

4. General., - Most of the flood loss m the North Bramch has been
concentrated in & small area on the left bank at Clyde, one-~half mile
above the mouth. The Clyde Levee has been designed to provide flood
protection for this aren,

15, Description of flooded area, = The area liable to inundation

by flood waters includes & large modern print and dye works, o lumber
yord, seversl blocks of stores and houses, and o gasoline station.

16, Flood losses, = The direct losses within the protected aren

amounted to $38,500 in the March 1936 flood and $37,500 in the July 1938
floods The meximum flood of record occurred in February 1886 with o
peak stage 8 feet higher thon in 1936 and 1938, Contemporary newspapers
report demage of $18,000, but with the present development of the area
for greater losses would have been sustoined, estimated at $400,000,
The averoge armuanl direct losses have been computed as described in
paragreph 39 to be $22,320, The total average annunl loss is summarized
in the following tabulation, Indirect losses have been estimated as
slightly greater thon the direct losses. The average annual deprecia-
tion losses have been empirically computed as $260, or 0,1 percent of
the volue of the property. Mo;e importont deprecintion losses would
result were o really great flood to oceur. With a levee built to moxi-
mum predicted flood grede, the aversge onnual benefits would be equal to
the amnual losses, as followss

Armual direct losSSes o « ¢ o o ¢ o $22,320

Annuel indirect losses . .l. .'. 26,780

Arpuel depreociotion s e o s 6 o » 260

Totol overage onnual losses. o » o 49,360

17, Levoe design flood. = The levee has been designed to pass a

flood equal to the maximum predicted flood (Sec paragraph 30 of the



report), with a Ffreeboard of 3 feet for the earth levee, and 1 foot for
the concrete wall section.

18. Alignment. - The levee protection proposed at Clyde is shovm
on Plates 3 and l, of the Appendix. The levee would protect 20 acres of
lowland located south of the Pawtuxet Valley branch line of the New York,
New Haven and Hartford Railroad. The elignment would begin et the rail-
road, would follow the tailrace of the Lippitt Mill, and thence would
follow the river. At a point 700 feet dovmstream from Main Street it
would diverge from the river to pass around the buildings of the Allied
Textile Printers Mill and terminate in the vieinity of Clyde Street at
the railroad. The over-all length of the levee would be 3,100 feet.
Charnel improveménts are proposed to rectify restrictions of the chamnnel
caused by the levee, The improvement would include the widening of the
channel below Main Street Bridge.

19. Geology. =~ The most prominently developed stratum in the founda-
tion 1s made up of pervious sand and gravel, averaging sbout 12 fest in
thickness. Throughout about half the 1engthlof the proposed levee, the
upper portion of the foundation comprises fill materials of cinders,
sand, and gravel. Quartzitic rock, which oceurs at a depth of from 15
feet to about 25 feet, is directly overlain in places by moderately
pervious beds of mixed sand, silt, and gravel.

20. Embankment. - The maximum hydrostatic head to which the earfh
embankment would be subjected is 15 feet. The section would have a crown
width of 10 feet, a riverside slope of 1 vertical on 2«1/? horizontal and
& landside slops of 1 on 2, The embanlment would consist of a random
section and an impervious blemket on the riverside slope. The random
material would be a mixture of gravel, sand, and silt obbtained from
the foreshore at the lower end of the levee and the blanket meterial

of fine sand and silt obtained within a distance not exceeding one
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mile from the site. Underground seepage would be controlled by a hori-
zontal pervious filter and boe drain. The section of railrocad embankment
west of Main Street would be treated with an impervious blanket to pre-
vent excessive seepage through it,

21, Concrete walls and structures. - Concrele walls are proposed

where space would not permit the use of an earth section. The walls
would be of the cantilever type and would varv in height from 6 to 13
feet. A steel sheet-piling cut-off and toe drains would be provided. The
existing canal intake would be replaced with a gate-controlled conduit
and headwalls through the earth embankment. Abutments would be provided
at Main Btreet to facilitate a sand-bag closure in time of floods.

22, Riprap protection. - It is proposed to protect the ecarth em-

bankment with hand-placed riprap where scour 1s anticipated. The re-
maining surfaces of the levee would be sodded,

2%. Drainage and pumping facilities., ~ No changes or extensions

to the existing drainage system which discharges inte the canal would
be necessary. A pumping plant having a capacity of 105 cubic feet per
second at a 15-foot head would be located at the lower end of Tthis canal
to maintain the normal water level during freshets. Levee seepage would
be discharged through short laterals into the canal,

2. Estimate of cost. - The total Federal investment for the Clyde

Levee would include the cost of construcfion of the levee and pumping
plent. The acquisition of lands for rights-of-way and the settlement

of damage claims would be non-Federal obligations., All costs would be
amortized over a period of 50 years except for the pumping plant and
equipment, which would be written off in 20 years. Maintenance and
operations have been computed at 2 percent of the total cost of the pump-
ing plent and 1/2 of 1 percent of the total cost of the construction of
the levee. The following table gives the estimsted cost of the Clyde

Levee:
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Cost Estimate for Clyde Levee
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Ttem Tnit
No. Ttem Quantity cost Amount Total
1. Levee counstruction
Clearing 9 acres $150,00 & 1,400
Stripping 6,500 ¢v ¥ 0.50 3,300
Excavation {cut-off trench)5,600 ¢, y. 0.25 1,400
Embanlment, earth 56,700 c. v. 0.65 36,900
Riprap 2,350 c. ¥y. 6.00 11,100
Concrete, Class A 1,860 ¢. y. 15,50 28,800
Conecrete, Class B 200 co Ve 12.00 4,500
Reinforcing steel 186,000 1bs. 0.05 9,300
Excavation 3,600 ¢, Ve 0.0 1,400
Baclkfill 2,900 c. ¥. 0.25 700
Drains, concrete walls 83¢ 1. f. 1,50 1,200
Drains, earth dikes 2,200 1, f. %.50 7,700
Steel sheet-piling 16,000 s. f. 1.25 20,000
Conduit and gete at canal L.S. 1L00
Channel excavation 20,800 ¢. y. 0.50 10,400
_ 150,500
Contingencies 20% 28,100
Engineering and overhead 15% 25,400
Total $19},, 000
2. Drainage and pumping facilities
Pumoing PLaE T-105 c.f.s.  L.S.  €0,000
Contingencies 20% 12,000
72,000
Engineering and overhead 15% 11,000
Total - " 83,000
3., Rights-of-way and damages
Land L.8. 1%,%00
Damages L.S. 5,400
18,700
Legal, overhead, and general expenses 20% 3,300
' Total ' 22,000
L. Grand total capital cost 299, 000
5. Total annual cost Cost Total
(a) Federal investment:
Levee construction &140,500 by 1438 ..vvses  $194,000
Pumping station 60,000 by 1438 viennrs 83,000
Total Federal investment .cicccocoaenss 277,000
(b) Federal annual charge:
Interest 277,000 by 035 sovevroonnonrssnse 9,700
Amortization of obsolescence and depreciatiomn:
Fixed parts $140,500 by 1.%8 by 0076 ... 1,470
Mcvable parts 60,000 by 1.%8 by +0354 euw. 2,930
Total Federal annual chargeé cccoeceoceas $11,100



(¢} Non-Federal investment:

Land and damages $18,700 by 1.20 secvsqeves. $22,000
Total non-Federal investment .vesesevses 22,000

(d) Non-Federal annual carrying charge:

Interest $22,400 by +OLS wvveseeeesosanoessss 1,010
Amortization of obsolescence and deprecia~=’ -

tion $22,h00 by n0056 tsésssnsv s avitehadar 120
Tax loss on land $22,LLOO by .02 SrTAT PRI E Y LS LI.BO
Maintenance and operation:

Levees $14,0,500 by 1.38 by .005 ... 970

Pumping station 60,000 by 1.38 by .02 .... 1,660
Total non-Federal carrying charge cveess @L:.,210

Total annusl cost -ooono-c-o-ocoouo.ooclooco 18;510

25. Plan of construction. -~ The project would be completed in

one construction season. The concrete walls and structures would be
built before the earth embankment. Chammel Improvements would be
carried on concurrently with the placing of the levee embankment,

The remainder of *the work would folleow in its logical seguencs.

WARWICE LEVEE
26, General., - The Warwick Levee would be located on the right
bank of the Pawtuxet River, and would inclose an area extending for
1/ of & mile on each side of Elmwood Avenue in Warwick.

27« Description of flooded area. - The area subject to flooding

includes several business blocks and homes. The low-lying residential
area downstream from Elmwood Avenue, known as Belmont Park, suffers
frequently from high water. It contains about thirty homes of moderate
value.

28, Plood losses, - Damage to dwellings and garden plots within

the protected area has been estimated at $3,300 for the July 193%8 flood

- 30 -



ﬁnd approximntely the samc for the March 1936 flood. The flood stage
reachod nearly to the first floors and forced twenty-five fomilies in
the aree to evacuate their homes. The section which would be inclosed
by the levee is a comparatively new development so thet no losscs have
been recorded for earlicr floods, inecluding the February 1886 flood,
which excoceded the recent floods of 1936 and 1938 by approximately 6
feets Under oxisting conditions such a flood would cause direct losses
af epproximotely $37,500, TFrom the damopge-frequency rolationship‘\the
avertge annual direct losscs hove been computed at $1,980, The foliQWb
ing table summarizes the avorage smual dircet losses for the protected
aroa. Indirect losses have be@n computed os 55 percent of the direct
losses, ond depreciation losses have been ampirically figured at 0,1

percent annually of the value of the propaerty,

Arnmusl dircet 1ossSes o o o o o o » § 1,980
Annual indirect 1oSSGS o e « o o o 290
Annuol dopreciotion . s e e s e e 190
Totol average onnual 1osscs « « o 3,160

29, Lovee design floods = The levec has been designed to pass a

flcod oquel to the meximum predicted flood (see paragraph 30 of the
report), with a freeboard of 3 feet for the earth Laves, end 1 foot for
- the conerete wall scetion. ’

30, Alignment. = The levee plan proposed for the Citﬁ‘of'wnrwick
would provide protection to o scetion knovm os Belmont P&ri, located
across the Powbwxet River from the area which would be protected by the
Cranston Levec, Tho alignment would start ot high ground west of Elm-
wood Avenue and would extond to the bridge at Elmwood Avenuey thence
following the bend in the river to high ground at Regnier Pond., The

totol length of levee would be L, 200 feet, The alignment is showm on
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Plote 5 of the Appendix. The levec would protect an arca of 4O acres,

3le Goology. = Impervious silt strata obout 25 feet thick nccur
throughout the foundations at a dopth.of ahout 12 feets Oveorlying thoso
scdiments are numcrous strotifications of conrser moterial, ronging from
modorately fine sand to pervious sand and gravel, The upper portions
of this overburden arc largely finc to coorsc sand, together with minor
anmounts of organic and vegetable material. BRock is deeply buried,
occurring at o depth of ot least 50 foct,

32+ PBubenkmont, ~ The design provides for sarth levecs except in
restricted arcos ot Elmwood Avenue end ot Reguier Pond, The carth om-
bonkment would be subjectod to o maximum hydrostatic hend of 17 foote
Tho cribenkment section, shown on Plate 6 of the Appendix, would have a
crown width of 10 fect, o river-side slope of 1 vertical on 2-1/2
horigzontal and a lond~side slope of 1 on @ The cmbankment would con-
sist of o random section and an impervious blanket on the river-side
slopes The rondom meterial would be o mixturc of gravel, sand, ond
silt obtnined from the foreshore at the bend of the river and adjocont
to Rognicr Ponde Above Elmwood Avenue, there is random moaterial avnil-
able adjocent to the proposcd aligmments Fince sand snd silt for the
blanket moterial would be obtoined within one mile of the site. Some
seopage would be oxpeeted through the foundations but would be con-
trolled by a porvious filter blanket and toc drain.

3%. Concrete wnlls ond stop~log structurce. - Concrcete walls would

ko used in the restrictod areas ot Blwmweod sfvenue ond of Repgnior Pond,
The walls would be of the cantilever type and would not cxcced & height
of 18 foet nbove the ground, Undorground scopage would be controlled
by extonding the shear koy into o relatively imporvious matorial and
providing to¢ drains, A concreic stop-log structure with o romovable

center support would be provided ot Blswood Avenuc,
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3. Riprap probtection. - The levee adjacent to the river from

Elmwood Avenue to & point 1,000 feet dowmstreem would be protected

against scour with riprap placed on the riverside slope to within 2
feet of the top of the levee.

%35, Drainage and pumping facilities. - A pumping plant of 25 cubic -

feet per second capacity would be provided to handle the storm run~off
and levee seepsge which would be carried to the plant through an inter-
cepting sewer along First Avenue. The plant would be located at the
end of the concrete wall near the outlet of Regnier Pond.

3%, Estimate of cost. - The total Federal investment rfor the

Warwick Levee would include the cost of construction of the levee and
the pumping plant. The acquisition of lands for rights~of-way, the
settlement 6f damage claims, and the construction of intercepting sewers
are non-Federal obligations. All costs would be amortized over a period
of 50 years, except the pumping plant and equipment, which would be
written off in 20 yesrs. Maintenance sad operation costs have been com~
puted at 2 percent of the total cost of the pumping plent, and 1/2 of 1
percent of the total cost of construction of the levee, The estimated

costs of the Warwick Levee are given in the following table:

Cost Estimate for Warwick Levee

Item , Init

No. Item Quaentity cost Amount Total

1. Levee construction
Clearing 11 acres $150,00 § 1,700
Stripping 11,800 ¢, y. 0.50 5,900
Excavation (cut-off trench)1Q,300 c. y. 0425 2,600
Embankment, earth 141,900 c¢. vy. 0.55 78,000
Riprap 2,40 e, y. 6.00 14,600
Conerete, Class A 2,340 c. v, 15.50 36,300
Reinforcing steel 231,000 1bs. 0,05 11,700
Excavation and backfill 4,200 ¢. v. 0.4L0 1,700

(continued)
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Ttem Unit
No. Ttem Quantity cost Amount  Total
Drains, concrete walls 850 1. f. $1.90 & 1,600
Drains, earth levees 2,380 1. f, 3.25 11,000
Steel sheet-piling 4,250 s. f. 1.25 5, 300
170,400
Contingencies 20% 24,100
20L, 500
Engineering and overhead 15%  %0,500
Total $235,000
2. Drainage and pumping facilities
Intercepting sewer (30%) 1,150 1. f. 6.85 7,900
32,900
Contingencies 20% 6,500
39,400
Engineering and overhead 15% 5,600
Total 45,000
3 Rights-of—way and damages
Land L.s. 20,500
Dameges L.S, 7,900
28,00
Legal, overhead, and general expense 20% 5,600
Total 3}, 000
L. Grand totel capital cost 31,000
5. Total annual cost Cost Total
(a) Federal investment:
Levee construction $170,400 by 1.38 .vvve.s  $235,000
Pumping station 25,000 by 1,38 cevenns 31,000
Total Federal invesbment 26G, 000
(b) Federal emmual charges:
Int@res't $269,000 by |055 [ EEEE R R EEEEEEE N R R 9,}4—10
Amortization of obsolescence and deprecia-
tions
FPixed parts $170,400 by 1.38 by .0076 .... 1,790
Movable parts 25,000 by 1.38 by 0354 .... 1,220
Tetal Federal annual charges sieesssces $12,L20
{¢) Non-Federal investment:
La:ﬂd and dmges $28,LLOO by 1.20 A EEEXEREREX] 5}4-,000
Drainage 72900 by 1438 covconnnses 11,000
Total non~Federal investment sovecscens L5, 000
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(d) Non-Federal annual carrying charge:

Interest $05,000 by +OL5 svsveeeersencsenees  $2,020
Amortization of obsolescence and deprecia-

tion.$h5,000 by 00056 G OB EE IV P AL PEIBEEE RO 250
Tax loss on land $20,500 by 1+20 by .02 .... L90
Maintenance end operation: -

Levees and drainage $178,300 by 1.38 by 005 1,230

Pumping station $25,000 by 1.38 by .02 ... 690

Total non-Federal annual carrying charge $ 4,680

Total annual COBL sernssersvcnsnvrnacancns 173100

CRANSTON LEVEE
57. General. -~ The Cranston Levee would be located on the left
bank of the Pawtuxet River extending for 1/ mile on each side of Elm-
wood Avenue in Cranston. It would provide protection to that part of
Cranston bordering on the Pawbtuxet River which has suffered large losses
in past floods.

38. Description of flooded area., - The area subject to flooding

includes one large modern textile machinery plant, several business
blocks and homes, and a school, all located in the City of Cranston.

39. Flood losses. ~ The direct losses within the protected area

were $65,700 in the July 1938 flood. In the March 1936 flood, which
reached approximately the same height, direct losses totaled only

$3,700, so successful was the sand—ﬁagging of the large textile machinery
plant where most of the 1938 flood loss occurred. There are no available
records of demage from the great flood of February 1886 which exceeded
the floods of March 1936 and July 1938 by approximately & feet. H§Wh
ever, it is estimated that should such a flood reaching the same stage
now occur, direct losses would total approximately $130,000., From the
demage-frequency relationship, the average amnuval direct losses have

been computed at $7,550. The following table summariées sannual losses

within the area which would be protected:
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Anmual direct losses o o w6 8 o #‘;3 7;550

Annual indircet 1oSSes e s e o o 8,710
Amlu&l depreci&tion * 8 % & & a B 820

Totol overage amunl 1oSSos « « o 17,080

LO, Levee design flood, = The lovec has beon dosignod to pass a

flood equal to the moximum prodicted floocd (See paragroph 30 of the
report),. with a freeboard of 3 fect for the certh levee, and 1 foot for
the concrete wnll sections

I, Alignment, - The Cranston Levee would provide protection for
60 acrces of lond in the vieinity of Elmwood Avenue. The lovee would
begin at high ground near the foot of Thora Avenue, and would run ot
right angles to the New York, Now Haven, ond Hortford Railroad for o
distance of 550 fect, thonce parallel to the Powtuxet River to Porkins
Avenuo, At this point it would turn north, tying into high ground near
the roilroad spur track, The levee would have a total length of 5,300
feot ond is shown on Plate 5 of the Appendix,

L2, Geologye. - Impervious silt strato about 25 fect thick occur
throughout the foundations at o dopth of about 12 feet. Overlying
these sedimonts are numcrous stratificotions of coorser materials,
ranging from moderately impervious fine sand to pervious sand and grovel,
Rock is decply buricd, occurring ot o depth of at least 50 foet.

43, Embonkmonts = The corth cmbankmont would be subject to a
hydrostatic head up to 18 feet in o greot flood. The carth scetion
shown on Plate 7 of thc Appendix would have o crown width of 1Q feet,

o river=-side slope of 1 vertical on 2-1/2 horizontel, and o lande-side
slopc of 1 on 2, Except for the material regquired for an impervious
blanket, & suitable mixturs counsisting of gravel, sond, and silt, ad-
jacent to the site, is awvailable tfor the construction of the embankmente
Moterial sulteble for the impervious blonket is available within o dise

tancs of one mile. Somo seepago would bo expected through the foundation
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but would be controlled by a pervious filter blanket and toe drains.

LL. Concrete wall and stop-log structure. - Conerete walls would

be used in the restricted space west of Elmwood Avenue. The walls would
be of the cantilever type and would not exceéd 2 height of 19 feect above
the ground. Adegquate control of underground seepage would be effected
by extending the shear key intc a relatively impervious material and |
providing toe drains. A concrete stop-log structure with & removable
center support would be provided at BElmwood Avenue,

L5, Riprap protection. - The sections of levee between the rail-

road embankment and Perkins Avenue would be protected apgainst scour with
hand~placed riprap carried to within 2 feet of the top of the levee.

L6, Drainege and pumping facilities, - A pumping plant with a ca~

pacity of 75 cubic feet per second would handle the sterm run-off and
levee seepage. It would be located at the levee about 100 feet east

of BElmwood Avenue. Flow in the existing ditch west of the railroad and
in the highway drain under Elmwood Awvenue would be intercepted and car-
ried to the pumping station. An intercepting sewer along Second and
Amber Streets and thence along the levee would be built to handle storm
run-off and levee seepage in the ares east of Elmwood Avenue,

li7. Estimete of cost, - The total Federal investment for the

Cranston Levee would include the cost of construction of the levee and
pumping plant. The acquisition of lands for rights-of~way, the settle-
ment of damage claims, and the construction of intercepting sewers would
be non-Federal obligabtions, All costs would be amortized over a period
of 50 years except for the pumping plant and equipment, which would be
written off in 20 years. Maintenence and operation have been computed
at 2 percent of the total cost of the pumping plant and 1/2 of 1 percent

of the total cost of the construction of the levee. BRstimates of costs
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for two levee grades have been computed and are presented in the follow-
ing teble, Estimate I is for the levee grade as established for Cranston
Levee with Warwick Leves built on the opposite bank of the river. Esti-
mate II is for the levee grade governed by a levee on the Crenston side
of the river only. Both estimates are based on the prior construction

of the Broad Street Improvement.

Cost Estimate I

Cranston Levee with Warwick Levee and
Broad Street Improvement in place

Item Unit
Noe Item Quantity cost Amount Total
1. Levee construction
(Giearing 18 seres  $150.00 $ 2,700
Stripping 11,500 ¢. y. 0.50 5,800
Excavation(cut-off trench) 9,300 c. y. 0.25 2,300
Embaniment, earth 110,900 c. v, 0.55 61,000
Riprap 3,490 e. y. 6.00 20,900
Conerete, Class A 2,970 c. ¥. 15.5¢ 56,000
Reinforcing steel 297,000 1bs. 0.05 1,900
Excavation and backfill 5,300 ¢, v, 0.40 2,100
Dreins, concrete walls 950 1. f. 1,90 1,800
Drains, earth levees 1,200 1. f. 3.25 13,700
Steel sheet-piling 4,000 s. 1. 1.25 5,000
176,200
Contingencies 20% 35,200
211,400
Engineering end overhead 15% 31,600
Total T $ol3, 000
2. Drainage and pumping facilities
Punping plant =75 cefuse .8. 63,000
inbercepting sewer (22") 1,100 1, f. 5.70 6,300
Intercepting sewer (30") 1,300 1, f. 8,00 10,400
Intercepting sewer (36") 550 1. £, 8.90 I4,900
Intercepting sewer (39") 950 1, f. 9.20 _ 8,700
9%,%00
Contingencies 20% 18,700
112,000
Engineering and overhead 15% 17,000
Total 129,000
3. Rights-of-way and damages
Tand | | L.8. 11,500
Damages LS. 12,500
55 000
Legal, overhead, and genersal expense 20% 5,000
Total T 30,000
Ls Grand total capital cost Loz,000
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5, Total annual cost Cost Total
{a) Federal investment:
Levee construction. $176,200 by 1.38 ....... $24%,000
Pumping station 63,000 by 1.38 se4eess 87,000
Total Federal investment .eessevsssaess 350,000
(b) Federal annual carrying charge:
In‘teres‘bi}BB0,000 by '055 st Respsbsresron s 11,550
Amortization of obsolescence and depreciation:
Fixed parts $176,200 by 1.38 by 0076 «ues 1,850
Moveble parts 63,000 by 1.38 by 0354 .... 5,080
Total Federal annual carrying charge .. $16,180
(o) Non-Federal investment:
Land and damages 325,000 by 120 tsvenssnoes 30,000
Drainage 30,300 bY Le38 teevennecss L2,000
Total non-Federal investment c.eieasesn 72,000
(d) Non-Federsl ammual carrying charge:
In'teres‘b,:ﬁ‘;?E,OOO by .OL{.B VosenvssseRNToa B ERE S 3,2}40
Amortization of obsolescence and deprecin-
tion_f}?E,ooo by ‘0056 [E RN N ENENRENEEREEEEE D] LI.OO
Tax loss‘é_‘jll,BOO by 1.20 by 02 vorvnavssanes 280
Maintenance and operation: '
Levees and drainage 206,500 by 1.38 by .005 1,460
Punping station $63,000 by 1.38 by .02 ... 1,740
Total non-Federal annual carrying cherge 7,120
Total annuel cost 23,600
Cost Egtimate 11
Cranston Levee alone with Broad
Street Improvement in place
Item Unit
No. Item . Quantity cost Amount Total
1. Levee construction
Clearing 19 acres  $150.00 § 2,800
Stripping 8,100 ¢. ¥. 0,50 4,100
Excavation{cut-off trench)10,100 c. ¥. 0.25 2,500
Embankment, earth 69,%00 c. V. 0.55 38,100
Riprap 2,350 c. V. 6.00 14,100
Concrete, Class A 2,180 ¢. v. 15.50 33, 800
Reinforcing steel 218,000 1bs. 0,05 10,900
Excavation and backfill 4,000 ¢, y. 0.40 1,600
(continued)
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ITtem Unit

No. Item _ Quantity cost Amount Total
Drains, concrete walls 950 1, £, $1.90 ¢ 1,800
Drains, earth levees L,300 1. £, 3.25 1L, 000
Steel sheet-piling 1,000 s. f. 1.25 5,000
128,700
Contingencies 20% 25,700
15]4-: EOO
Engineering and overhead 15% _géiégg :
Total $178,000
2. Drainage and pumping facilities
Pumping plan‘t 1-75 Cafese L.S. 63,000
Intercepting sewer (22") 1,100 1, f,. 5.70 6,300
Intercepting sewer (30") 1,300 1. f. 8.00 10,400
Intercepting sewer (36") 550 1. f. 8.90 4,900
Intercepting sewer (39") 950 1. f. 9.20 8,700
95,500
Contingencies 20% 19,000
112,300
Engineering and overhead 15% 16,700
Total 129,000
%. Rights-of-way and damages
Land L.S. 11,400
Damages L.S. 13,300
2Ly, 700
Legal, overhead, and general expense 20% 14,300
Total 29,000
L. Grand total capital cost 326,000
« Total annual cost Cost Total
{a) Federal investment:
Levee construction $128,700 by 1.38 ....... $178,000
Pumping station 63,000 DY 1438 ceevene 87,000
: Total Federal investment scesvesssssass 265,000
{b) Federal annual carrying charge:
Interest $265,000 by 4035 vivvevronscecancns 9,280
Amortization of obsolescence and depreciation:
Fixed parts $128,700 by 1.%8 by .0076 .... 1,340
Movable parts 63,000 by 1.38 by .0354 .... 3,080
Total Federal annual carrying charge .. $1%,700

(¢) Non-Federal investment:

Land and damages $24,700 by 2420 tvarrasanss 29,000
Drainage. 30,%00 by 1438 srevanvanns 112,000
Total non-Federal investment .s.oeveiecaee 71,000
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(d) Non-Federal annual carrying charge:

Interest $71,000 by sOL5 tvveocacanncoscones &3 ,200
Amortization of obsolescence and deprecia-

tion $71,000 by 0056 wevesensrssnsssasens 500
Tax loss $11,400 by 1,20 by +02 veveesnsanes 270
Maintenence and operation:

Levees and drainage $159,000 by 1.38 by ,005 1,100

Pumping station 63,000 by 1.%38 by .02 1,74L0

Total non~Federal smmual carrying charge $ 6,710

Total annual cost 20,410

BROAD STREET IMPROVEMENT

L8, General. - The Broad Street Bridge crosses the Pawtuxet River
just above its mouth. A small dam, lmown as the Broad Street or Paw-
tuxet Dam, is loceted 75 feet upstream from this bridge. The bridge
and dam together form a water-stage control for the lower three miles
of the Pawtuket River, the former at high flows and the latter at lower
flows. The plan of improvement provides for lowering the dam and in-
stalling automatic flashboards, increasing the size of the bridge open-
ing, and excavating a small guantity of led.ge rock between the dam and
the bridge. Such a plan would lower flood stages for the length of the
river controliled.

LS. Existing legislation, - The Broad Street or Pawtuxet Dam is

meintained by the City of Providence in asccordance with the 1915 Rhode
Igland Water Act which aubhorizes the construction of Scituate Reservoir
for water supply. The pertinent paragraph of Section & of the above

Act reads as followss:
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"Before said City of Providence diverts any of
said waters for said water supply for said city,
it shall build a masenry dom ocross the Pawbuxet
Eiver, in the village of Pawbuxet, on the same
site and of the same height as ths present dom
‘there situated, and shall so maintain the sume."

50, Desecription of flooded oref, - The flooded area affected
includes 80 acres of farm land, two large industrial plants, four
recreational areas and c}ubs, an extensive state nursery, several busi-
ness blocks, and 200 homes, all located in the Citios of Warwick and
Cronston.

51, Flood losses, = The direct losses within the area affected

by the improvement amounted to $12,L00 in the Merch 1936 flood and
$79,000 in the July 1938 flood, The record flood of February 1886
reached o pook stoge opproximately 6 feet higher than the 1938 flood,
but no records of the losses are available, It is estimnted that a
domage of $2%8,000 would result if a flood reached this height today.
Average annual dircet losses have been computed to be $16,430, Indi-
rect losscs arce estimated as approximntely equal to the dircct losses.
A total depreciation of $57,200, resulted from the recent floods of
1936 and 1938, The onnual deprociation loss is estimated to be $2,066
for the areny

52, Dam and appurtenant works, = Tho oxisting dom is o conerete

overflow scoetion with o crest olevation of 5.2 feet above meon sea level.
It spans the river in a zigezag course to tic into two insular projec-
tions of ledgo. The crest length is 170 fect. The portion of the oxist-
ing dam above clevation 140 feot would be romoved and in its ploce an
overflow dam of concrete would be constructed with o crest olevation 3,0
feet above mc&ﬁ sen. level and a longth of 230 foot., The overflow sec~

tion would be keyed into rock, and would have a vortical upstream face,

3
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o rounded crcst, and a downstrcam faee sloped To approximetely the nappe
of frocly flowing wotor at full heand. The average height would be 7
.feot and tho base width would be 17 foet, The existing pool level would
be maintained by temporary flashbocrds supportéd by pins designed to

f0il whon the pool elevation reached 7.2 feet. All moterial in the chone
nel below the dum projecting or lying above clevotion -»3,0 feot would be
removed, A plan of the proposed work 1s shown on Plotes 8 and 9 of the
Appendiz,

53. Highway bridge, = The Broad Street Bridgoe over the Pawtuxaet

River wos originally o twin~arch stone masonry bridge 50 feet wide, In
1933 the Stote widencd the bridge on the upstream side to provide for a
LO=foot roadway and two 9=foot sidewalks, The archos ond the retaining
wall of the new construction are of reinforeed counercte. A stone masonry
foeing hos been applied to rebain the architectural fentures of the
original bridge. Under this plan of improvement the woterway would be
inereased 50 percent hy constructing o third arch et the south cnd of
the bridges. Construction similar to that used for the widening would
be uged, According to plans prepared for the 1933 state contract, ledge
is aveilable gbf the foundation of the third archs The proposcd plon is
shown on Plate 8 of the Appendix,

5le Concrote retaining wall., = A concrete wall would be con=

structed upstrcom and downstrcam froﬁ the bridge to rotain the existing
£ill o %the right bank of the Pawtuxot River, The alignment of the
proposod well is shown on Plate 8 of the Appendix., The wall would be of
the cantilevor type with a meximum height of 235 foet in the vieinity of
the bridge. The overall length of the wall would bo 270 foet, beginning
ebove tho dam and oxtonding to the boatwwell off Poawbuxet Cove. Rock
foundation is available above the bridge, but below the bridge the ledge

surfece drops and the wall would be placed on timber piles.

- L3 -



55. Estimete of cost. - The total Federal investment for the Broad

Street Improvement would include all constructlon costs. The acquisition
of lands for rights~of-way and the settlement of damage claims would be
non~Federal obligations. The cost of the retaining wall and the bridge
would be written off at the rate of 1 percent per annum. The cost of
meintenance is computed at 1 percent per annum plus the cost of annual
replacements of flashboards. All obther costs would be emortized in 50
vears. The estimated cost of the proposed channel improvement at Broad
Street is given in the following table:

Cost Estimate for the Broad Street Improvement

Item Unit
No. Ttem Quantity cost Amount Total

1., Construction cost

a., Retaining well

Rock excavation 600 c.y. $ 3.00  § 1,800
Barth excavabion 1,800 c.y. Q.50 2,400
Backfill 2,700 coy. 0.25 T00
Concrete, (lass A 680 ¢y, 15.00 10,200
Reinforcing steel 68,000 1bs, 0,05 3,100
Gravel drain 120 cuy.  2.00 200
Timber bearing piles 2,200 1,f, 0.80 1,800

56,500
Contingencies 20% 4,000

2L, 500
Engineering and overhead 15% 3,500

Total $28,000

b. Enlarging Pawtuxet Bridge

Bridge excavation 3,000 ¢,y. L4.00 12,000
Rock exceavation 550 coy. 10,00 5,500
Conerete, Class A 250 c.y. 25.00 6,300
Conerete, Class B 2L0 c.y. 15,00 3,600
Sidewalk 170 s.v. 1.50 300
Reinforeing steel 25,000 1bs, 0,05 1,300
Ashlar masonry 30 cuy. 65.00 2,000
Gravel f£ill 600 Cel e 1.5C 900
Bituminous paving 390 s.y. 2.00 800
Barth fill 1,000 c.y. 0.60 600
Bridge rail 100 1.f. 6.50 700
Contingencies 20% &,800

0,800
Engineering and overhead 15% _é,EOO

Total 147,000
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Item Unit
Noe Item Quantity cost Amount  Total

¢» Dam and channel excavation

Remove existing dam 125 cvy.  $5.00 & 600
Rock excavation 2,050 ey, 5.00 10,200
Concrete, Class B 530 c.y. 10.00 5,900
Flashboards A 230 1.f.  1.75 1100

17,100
Contingencies 20% 3,500

20,600
Engineering and overhead 15% 3,L00

Total - 82l, 000

2. Rights~of-wey and damages

Land I..8. 800
Damages L.S. 3,300
1,100
Legal, overhead, and general expense 20% 900
Total ~ 5,000
%3, Grand total capital cost 10L, 000
L. Total annual cost - - Cost Total

(a) Federal investment:

Dam construction $17,100 by 1438 cveversssees 524,000
Retaining walls 20,500 by 1.38 seevnsenesss. 28,000
Bridge construction $3L,000 by 1.38 cevenaese 47,000

Total Federal investmenh cveesceansssnens 59, 000

RPN

(t) PFederal annual carrying charge:

Interest $99,000 by .055 * 0 0 % 8 8O EOTENE SRS 3,&70
Amortization of obsolescence and depreciation:
Concrete walls and bridge $54,500 by 1.%8

by .Ol $#04F 08RO I0EBSINTBLIAIEOROABEETE 750
Channel and dem $17,100 by 1.3%8 by 0076 .. 160
Maintenance and operation:
Bridge, dam, walls $71,600 by 1.38 by .OL . 990
Flashboards amnual replacement soeovscesssssss Loo
Total Federal annual carrying charge ... & 5,790

(¢) Non-Federal investment:

Land and damage $11,100 by 1.20 sevscosvssoons 5,000
Total non-TFederal investment .vvisevecss 5,000

(d) Non-Federsl anmmual earrying charge:

Interest $5,000 by «OL5 seevsesroreccncsnvens 220
Amortization of land and damage $l,100 by
1.20 'b:y' '0056 R R I Iy 50
Loss of taxes $800 by 1.20 by +02 esessnsnss 20
Total non-Federal annual carrying charge 270
Total ammual co8t tiesessocasssnsonersscssens 6,060
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CRANSTON CUT-OFF

56, General, - Tho Cronston Cut-off wowld be o new channel,
starting 2200 foect below the Elmwood Avenue Bridge, nnd cutting across
the neck of land protruding from the left side of the river, It would
be 1600 feot long and would eliminate 3400 feet of the cxisting chan~
nel, The aren protected would include the loné on both sides of the
river extending from the upper end of the Cut-off to the Pettaconsett
Dom 1-1/2 milecs upstream from Elmwood ivenue, Protoction would result
from a lowering of flood stages and would not bhe complete,

57. Deseription of flooded aron, = The flooded orca which would

receive partisl protection from the oeutwoff includes onc large modern
textile machinery plant, o few business blocks on Elmwood Avenue, and
scvoral homes, locoted in Cransbon and Warwicl,

58, Flood losscs, ~ The dircet loss within the aren offected by
X

tho improvement amounted to $8,800 in the Morech 1936 flood and $71,000
in the July 1938 flood, The lerger loss in 1938 is accounted for by
the inerecsed losses of the fextlle machinery company. The moximum
flood of record, that of February 1886, reached o peck stage approxi-
mately & feet higher than fhe 1958 flood but no records of the losses
are avoilables, If o flood should roach this height today, it is esti-
mated thet o demege of £186,100 would result. The average annual
direct losscs have becn computed to be $9,380. Indircet losses arc
estimated as approximately equal to the dircet losses, The onmunl
depreciotion loss is cstimated to be $1100 for the areae

e Alignmente = The chammel olignment would be an approximete
straighteline eitcnsion of the chemnel at tho upstream ond, which is
2200 fcet below the Llmwood Aveaue Dridge. It would curve slightly
to the left ot the lower ond fo rejoin the existing channel on a tongent.

The aligmmont is shown on Plete 5 of the Appondix.
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60. Geology. - Impervious silt streta about 25 feet thick underlie
the entire ares at a depth of about 12 feet. These strata are overlain
with numerous stratifications of coarser meterisl ranging from moderately
fine sand Yo pervious sand and gravel. The upper portions of this over-
burden contain minor amounts of organic and vegetable material. Rock
is deeply buried, occurring at a depth of at least 50 feet.

61. Excavation, - The channel would have a bottom width of 120 feet
with side slopes of 1 vertical on 2 horizomtal, and would be excavated
in earth to the depth of the existing river bed, Ths channel would fol-
low an existing swale with an average cut of 10 feet, except at the upper
end where the maximum cut would be 16 feet. The total volume of earth
excavation required would be 77,000 cubic yards. This material would
be spoiled along the north bank of the chammel and in the existing chan-
nel eliminated by this cub-off,

62. Bstimate of cost. - The total Federal investment for the Cranston

Cut=-off would include all construction costs. The acquisition of lands
for rights-ofewsy and the settlement of damage claims‘would be non-Federal
obligations. The estimsted wvalue of land includes, in addition to the
area required at the channel, the area in the island that would be created
by the proposed plan., All costs have besn amortized over a period of 50
years. Maintenance has been computed at 1 percent of the total cost of
the project, The following table gives the estimated cost of the Cranston

Cut~off:

(Table on follewing page)

- L7 -



Cost Estimate for Cranston Cub-off

Iten Unit
No. Item Quantity cost Amount Total

1. Construction

Clearing 9 acres $150.00 § 1,300

Charmnel excavation 77,000 ¢y ¥ 0.50 38,500

39,3800

Contingencies : 20% 8,000

17,800

Engineering and overhead 15% 7,200
Total $55,000

2. Rights-of-way and land

Land L.S. 8,600
Improvements L.S. 8,300
16,500
Legal, overhead, and general expense 20% %,100
Total ' 20,000
3, Grand total capital cost 75,000
L. Annual cost Cost Total

(a) Federal investment:

Construction cost $%9,800 by 1.38 +sevvoessas $55,000
Total Federal investment veecveveservss 221950

(b) Federal annual carrying charge:

In‘tel“est ‘$55,000 by -055 * P e B R EL AR LN LY BN 1,920
Amortization of obsolescence and depreciation:

Channel $39,800 by 1.%8 by 0076 .evesaeen L20
Maintenence snd operation $55,000 by .01 ., 550
Total Federsl annual carrying charge .. 3 2,890
(¢) Non-Federal investment:
Land and dam&ge $16,900 by 1.20 sosesverveos 20,000
Total non~-Federal investment .cevscsevss §§,050
(¢) Non-Federal annual carrying charge:
Interest $20,000 by vOL5 teeessvasocssennces 900
Amortization of land end demage $15,900 by
1.20 by .0056 LR BB BN BN L Y B I B B S B IR B I B IR N ] 110
Loss of taxes $16,900 by 1.20 by .02 .ssiasn __hoo
Total non-Federal annuasl carrying charge 1,410
Total annual cost 11,300
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PONTIAC DIVERSION

63, General, - The Pontiac Diversion would provide a flood channel
from Pontise to Apponaug Cove. During floods, all flows in excess of
sale chaunel capacities dovmstresm would be diverted through this chamel,
Hence, the lower Pavtuzet would receive comnlete protection from flood
wabers originating on 19%5.l square miles of the total 230.l square miles
of draineze sres in the Pawtuxet Walershed, Stream flow would be ex-
cluded from the diversion chamnel at all {imes except during flood.

ély. RE§§§E:EF}E§IEE° - The Pontiac Diversion channel has been desiguned
to carry the peak discharge of the maximum vrodicted {lood, 29,000 cubic
feet per second, with a freeboord of three feet. The Stoney~-type gates
in the diversion dam would have a capacity of §,000 cubic feet per second
at the meximum flow line. This would be adegueate to maintain the rormal
flow of the stresm withoul affecting wabter levels upstream,

65, Aligmment, - The diversion dam ascross the Pawbuxet River would
be located 200 fect west of the highway bridge =t Pontize. The apyvroach
section of the diversion chanmel woﬁld be 2,800 feel upstream from the
dam, at a bend where the river flows nearest to Bast Avenue. A gate
strueture would adﬁit flood flows into the chemnel, which would cross
Bast Averue and thence follow a winding course through the depressions
in the terrain Lo that portion of Gorton's Pond on the west side of the
highway embaniment. Below the pond, the chammel would continue for a
distance of 1,000 feet between the Apponaug Mill and the buildings
fronting on Highveys Nos. % and l. It would then turn east, cross High-
vey Noe 1, and cmpty into the Apponavg River. ¥low through the pond
would be confinced by earth levees wherever necded, and would discharge
over a suillway inte the chamnel at its souvthern end. The normal opera-
tion of the pond vwould be maintalned by the installation of pates. The

plan of the proposed diverslon chammel is shown on Plate 10 of the Appendix.

~ 19 -



66, Geology. - The proposed diversion chamnel would be excavated
in a glacial formation of sand and gravel which forms the divider bebween
the Pawbtuxet and Apponéug Rivers. Subsurface explorations indiecate an
irregular bedrock surface lying at a depbh greater than 50 feet at the
northerly snd southerly ends of the channel, and rising to about 15 feet
velow Lthe ground surface near Station 7H5+00.

&7. giyfffifngﬂﬂ' - The diversion dam across the Powbuxet River
would be o rolled-fill esrth dam with a reinforced conerete gete section
located in the present river chamnels The total length of the dam would
be 1,200 feet, of which 1,300 feet would be & low dile across the terrace
above the left benk of the river., The elevation of the top of the dam
would be 6.0 fect sbove mean sea level, and 25 feet above the bed of the
gtream. The dam would have a top width of 20 feet, side glopes of 1 on
%, and would combain an impervious core from top to bottom keyed into a
cut-off trench zlong the axis of the dem. The dike would have similar
dimensions but would be huilt of random material. The upstream slope
of the dam and dike would be protected apgainst wave action by a facing
of riprap. lRandom.nmterial is available at the sibe and from the channsl
excavation., Impervious mabterial is availeble within a distance of one
mile from ths dam, The gate gection, containing three Stoney-type gates
15 fect wide snd 8,5 feot high, would be founded on a compacted mixture
of gravel, sand, and silt. Steel sheet-pilc cut~offs would be provided
to provent pipving, and the channel would be paved with riprap both up-
stream and dovmstream from the structure to provent undermining.

63, Chennel. -~ The entire length of the channel would be lined with

—

reinforced concrete & inches thick. A Dberm 10 feet wide would be pro-
vided at ‘the top of the lining, above which the meterial would be trimmed

back ona 1l on 1—L/2 slope. The upper section of the channel, l,200 feet
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long, would have a bottom width of 100 feet and the sides of the lining
would he cerried up on a 1 on 1-1/14. slope to 3 feet above the maximum
water surface. The lower channel would be 1,300 feet long, and would
have a bottom width of 50 feet with the sides carried up ona 1 on 1
slope to M feet sbove the meximum water surface.

69. Avpurtenant vorks. - The special structures would include a

gate structure at the entrance of the channel, 3 weir et the oubtlet of
the pond, and about 3,600 feet of levees around the lower end of the pond.

as Gate structure. - The gate structure would be of reinforced

concrete construction M0 feet wide and 24 feet high. It would contain
8 Stoney-type gates, each 15 feet wide and 8.5 feet high, operated from
above by a gantry crane.

be  Weir., - The elevation of The weir crest ab CGorfon'!s Pond
would be 15 feet above mean sea level. The vweir would be a conerste
ogee sectilon 200 feet long with the crest 13 feet above the bottom of
the chammel into which it discharges. Concrete abutments would key it

inte the proposed levees around the lower end of the pond.

¢. Gorton's Pond Bevee. - The meximm height of the levees

would be 20 feet., They would have a 10-foot crown width and side slopes
not steaeper than 1 vertical on 2 horizental., Riprap would be provided
to protect the face of the Bldee in the vicinity of the spillway weir,
Also, the approach chemmel and a portion of the pond area mear the oublet
of the chammel would be paved with riprap.

70. Highway bridges. - Bridges would be provided at East Avenue and

State Highweys Nos. 117 and 1, the three imporbant roads which the channel
would e¢ross. The East Avenue bridge would be a steel arch bridge, 30 feest
wide with a 150-fcot central span and short overhanging spans. Concrete

coversd stesl girder bridges 50 feet wide with a single span of 90 fest
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would be used to carry Highways Nos. 117 and 1 over the channel. On
Highwsy No. 1 the proposed bridge would replace an existing bridge of
much smaller capacity. ZITraffic on Highways Nos. 1 and 117 would have
to be maintained while building the bridges. Traffic on East Avenue

could be detoured.

Tl. Estimate of cost. - The estimate of amnual cost has been com~
puted on the basis that non-Federal iﬁterests would bear 2% percent of
the total capital cost of the project, not to exceed the sum of $347,500,
The entire project would be emortized in 50 years, except for concrete
structures and lining, highwey bridges, and gates and machinery. The
annual charge for amortization for concrete and the bridges has been
computed at 1 percent and for gates and machinery at 3 percent of their
estimated cost. Maintenance has been computed at 1 percent annually
for conerete works and bridges, and at 3 percent annually for gates.

A lump sum of $500 per annum has been provided for maintemence of the
diversion dam and a lump sum of $2,000 per armum has been allowed for
an operator, standby power, and expendable supplies. The estimate of

cost is shown in the following table:

(See table on following page)
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Cost Estimate for Pontisc Diversion

Item Tnit
No, Item Quantity ~cost  Amount Total
1. Construction cost
g+ Diversion channel
Clearing 62 acres $150.00 § 9,300
Stripping 6,300 c. y. 0.50 3,200
Emberkment,earth levees 47,800 c. y. 0.30 1,300
Riprap 5,690 c. y. 5,00 28,400
Channel excavation 810,600 ¢c. v, 0.25 202,600
Rock excavation 15,300 c. v. 2,00 3%0,600
Conerete, Class A 1,470 e¢. yvo 15,50 22,800
Concrete, Class B 2,080 c. Yo 12,00 25,000
Conerete, channel lining 94,720 s. y. 3,00 28,200
Reinforcing steel 147,000 1lbs. 0.05 7,300
Steel sheet-piling 1,400 s. £, 1.25 18,000
Excavation,concrete structure 44,600 c¢. y. 1.00 1,600
Tile drains 1,000 1. £, 1.00 1,000
Getes and machinery L.3. 45,000
696,300
Contingencies 20% 139,300
| 855,600
Engineering and overhead 15% 125,400
Total $961,000
b. Diversion dam
Clearing 8 acres 250.00 2,000
Stripping 5,400 ¢. y. 0.50 2,700
Stream contreol L.8. 10,000
Embankment, placing 50,600 ¢. y. 0.15 8,200
Embankment, borrow 9,800 c. v. 0.35 3,400
Excavation 3,800 ¢. y. 0.30 1,200
Rock drain 900 c. y. 2,50 2,200
Riprap 1,100 c. v, 5.00 5,500
Concrete, Class A 1,290 ¢. y. 15.50 20,000
Reinfeorcing steel 129,000 1bs. 0.05 6,400
Steel sheet-piling 2,700 s. . 1.25 3,500
Paving 500 ¢ V. 5.00 2,500
Gates snd machinery L.8. 20,000
7,500
Contingencies 20% 17,500
05,000
Engineering and overhead 15% 16,000
Total i 121,000
2. Highway bridges
Highway Route No., 1 L.8. 54,000
Bighway Route No. 117 L.S. 5,000
Bast Avenue ..8. 58,000
166,000
Contingencies 20% 33,200
199,200
Engineering snd overhead 15% 29,800
Total 229,000
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3.

Rights-of-way and damages

Land L.S.

Damages L.S.

Legal, overhead, and general expense 20%
Total

Grand total capital cost

Total snnual cost

(a) Federal investment: '

Diversion channel $696,300 by 1.%8 cuivevens
Divergion dam 87,500 by 1.38 vivenaan
Interest during construction $1,082,000 by

003 by 1/2 by 2 Pedansras R s aerPEsR TS
Subtobal sivesarsovssrssrtersncaavasnre

Local contribution $39,500 by 1.03 vevevses
Total Federal investment .vesceceonson

(b) Federal annual carrying charge:
Interest $1,11u,000 by .055 s esvsncotbrensn

Amoqu
#71,5,000
21,000
35,000

13,000

Cost

Total

$_19,000

1,390,000

Totel

$961 , 000
121,000

. 32,000
1,114,000

141,000
T,07%,000

38,990

Amortization of obsolescence and depreciation:

Earth embankment $62,100 by 1.38 by 1.03
by 00076 no'}-oootoaga..c.-oo-upuocncnc
Concrete structures $656,700 by 1.38 by
1103 b:y' g
Gates end machinery $65,000 by 1.38 by
1003 by .03 LA BB B BN A B BB B AR B R BN B BN AR AN BN
SUthtal Tt At eNET OB TREBAREERDYS
Ammusl charges on local contribution eeeses
Total Federal annual carrying charge .

(¢} Non-Federal investment:
Local contribution teveesressseroannsrcnsss
Land and demage $ 66,000 by 1.20 veeevonone
Bridges 166,000 bY 1438 sevovsesns
Interest during construction $3,7,500 by
.0b5 by 1/2 by B s serrecsscrrecrrivaans
Total non-Federal investment .evcveenes

(4) Non-Federal annual carrying charge:
Interest $363’000 by .01-1-5 LN B BN B AR BN L N BE K B B NN BE N

670

9,330

2,770
~51,760

1,750

39,500
79,000
229,000

15,500
363, 000

16,340

Amortization of obsolescence and depreciation:

Contridbuted funds $39,500 by 0056 veuers
Land and damage $66,000 by 1.20 by .0056
Bridges $166,000 by 1.38 by «0l .ovvvree
Tax loss on land $55,000 by 1.20 by .02 ...
Maintenance and operation
Earth embanment LRI I B 3 BEIE B RN N N BN R R B LIS-
Concrete structures and bridges $589,500
by 1.28 by Ol secsncsvsnsvsncrosssnnns
Gates and machinery $65,000 by 1.38 by .03
Attendant and supplies +evessessssss L.S.
Total non-Federal carrying charge ....

Total annual cost *ibessndossnbstarrrOtreNe

- 5l -

220
Lho
2,290
1,%20

500
8,140

2,690
2,000

¢ 50,010

33,940

83,950



72. Plen ¢f construection. = Tt would require two years to complete

the construction of this project. The two bridges over Highways Nos. 1
and 117 would be built prior to the chammel excavation in this area. Con-
struction of one of these two bridges would be completed prior to begin-
ning work on the other to interfere with traffic as little as possible.
Construction of the headgates, diversion dam, and upper chamnel would
proceed, in the order named, concurrently with the construction of the
lower two bridges. During construction, stop-logs would be maintained

in the gate structbure at the entrance to the channel. The levees would
be constructed concurremtly with or following the chennel excavation.
Other appurtenant works and the East Avenue Bridge would be constructed

af'ter the chamnel is completed.
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